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BONE MARROW AND CARCINOMA OF THE PROSTATE? 


By James A. Ciirron, M.D. 


RESIDENT IN 


THE DEPARTMENT OF 


INTERNAL MEDICINE 


Roy J. Purmipp, M.D.° 
Eruet Lupovic, B.S. 


RESEARCH 


TECHNICIAN, DEPARTMENT OF INTERNAL MEDICINE 


AND 
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From the Hematology Division of the Department of Internal Medicine, State University of 
Iowa, University Hospitals, Iowa City, Iowa) 


Recent years have shown a revival 
of interest in the feasibility of diagnos- 
ing metastatic carcinoma by bone mar- 
row aspiration. A great deal of work 
was published in this field, particularly 
in Europe, following the report by 
Hegglin in 1936; and, in 
this country several papers have ap- 
peared within the past 5 years, notably 
those by Rundles and his co-workers. 
In a review of these papers we were 
impressed by the wide variance in the 
incidence of positive results. From a 
compilation of publications appearing 
before 1945 we find 100 positive sternal 
ispirations out of 621 patients so ex- 
imined*. This is an incidence of 16%. 
Included malignancies of all 
types, with and without other evidence 


Rohr and 


were 


of metastases. In 1949 Rundles and 
Jonsson® reported 30 cases of malignant 
disease of the prostate in which bone 
marrow aspirations were done. Of 
these, 56% had cancer cells in the mar- 
row. Puncture sites were not limited 
to the sternum, and, indeed the needle 
was inserted into areas shown by roent- 
genograms to be abnormal or into 
places with bone pain or tenderness. 
However carcinomatous cells were 
found in the sternum in 15 of these 
cases, an incidence of 50%, and in 2 
additional cases carcinoma cells were 
found in aspirations from the iliac 
crest. The same authors’, reporting on 
152 patients with all types of carci- 
noma, recently, found 41% with positive 


+ Aided in part by grant from the Iowa Cancer Society for Cancer Research. 


* Formerly Resident in the Department of Internal Medicine, State University of Iowa, 
niversity Hospitals, Iowa City, Iowa; present address 738 Westcott Street, Syracuse 10, 
New York, 
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bone marrows. The sternal marrow was 
positive in 50 of these cases. 

It occurred to us that perhaps we 
could reconcile some of these differ- 
ences by another approach. Actually, 
what we are endeavoring to determine 
is whether or not, in a given patient 
with malignant disease, the bone mar- 
row aspirations are of. sufficient value 
to change the method of treatment or 
the prognosis. In a patient with known 
carcinoma the presence or absence of 
carcinoma cells in material aspirated 
from an osteolytic or osteoblastic lesion 
of the skeleton is not going to alter 
either of these factors. However, in a 
patient with known carcinoma and 
without any other evidence of metas- 
tases, the demonstration of metastatic 
cells in the marrow would be of prime 
importance. Obviously, the failure to 
demonstrate cells would not 
mean they were absent. 
Thus, the problem becomes relatively 
simple: in what percentage of patients 
with carcinoma can metastatic cells be 
detected in bone marrow with simple 
techniques available to the practicing 
physician who has adequate knowl- 
edge of bone marrow morphology? Is 
bone examination within the 
range of practicality as regards time, 
effort, expense, and convenience both 
to the physician and to the patient? 

To begin the study we chose carci- 
noma of the prostate because of its 
tendency to metastasize to bone and. 
especially, to bones of the pelvis. We 
wanted to compare the frequency of 
positive results from sternal and iliac 
punctures. We had a large group of 
pathologically proved cases of prostatic 
carcinoma and this afforded the op- 
portunity to study correlations between 
the degree of anaplasia of the primary 
tumor and bone marrow spread. Also 
we correlated various other determina- 
tions, such as phosphatase activity, 


these 
necessarily 


marrow 
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peripheral blood picture, and bone 


pain with the bone marrow findings. 


Subjects and Methods. A total of 57 pa- 
tients were studied in this report. Lhe diag- 
nosis Ot carcinoma ot the prostate was sub- 
stantiated by 
cases. In 8 cases, the diagnosis Was made by 
several urologists on the vasis of physical ex- 
amination and roentgenographic hndings. ‘lhe 
patients were referred trom the Department 


histological examination in 


ot Urology and were unselected consecutive 
with the ot prostatic 


carcinoma. The presence OI absence of roent- 


admissions diagnosis 


genographic changes of bones was not known 


at the time of the bone marrow puncture. 
Routinely, we aspirated bone marrow trom 
the manubrium of the sternum, the 
right iliac crest. Rarely, the left iliac crest 
was used, the choice being dictated by con 
venience. The iliac aspirations were done 


from the upper iliac crest with the patient in 
A site on the 
external surface of the ilium immediately be- 


the lateral recumbent position. 
low the crest and anterior to the tensor fascia 
lata was entered, the needle 
cephalad to 
direct marrow 
puncture site, thus giving a total of 16 slides 
trom each patient. These stained with 
buffered Wright's and scanned under the low 
power objective. Detailed identification was 
then done, utilizing the oil immersion 


being directed 
the lip. Eight 
smears were made from each 


enter beneath 


were 


lens. 
made at the 
time of the marrow puncture and routine 200 


Peripheral blood smears wer 


cell differential counts were performed. 
the 
spine were made on 56 patients and, in addi- 
tion, the majority had films of the chest and 
other areas. 


Roentgenograms ot pelvis and lumbar 


Results. Table 1 presents the detailed 
data on all 57 patients. Explanatory 
footnotes are included. 

Only 18 patients (32%) complained of 
pain; 17 of these had positive roent- 
genograms or positive bone marrow 
smears or both. Eleven patients with 
bony spread of their disease were with- 
out pain. In those with metastases, 
pressure over the involved bones fre- 
quently produced pain. 

Positive aspirations 
totaled 19 Twenty-three 
cases (40%) had roentgenographic evi- 
dence of metastases; in 14 of these, 
carcinoma cells were found in the bone 


bone marrow 


cases (33%). 
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marrow. Of major significance was the 
finding of carcinoma cells in the bone 
marrow aspirations in 5 cases in which 
there was no roentgenographic evi- 
dence of bone involvement. Thus, by 
use of routine bone marrow puncture, 
8.7% of the patients in this series were 
found to carcinoma 
that not have been 
detected at the time of the examina- 
tion. The implications of this finding 
By utilizing both of these 
diagnostic aids a total of 28 patients 
19%) were found to have bone marrow 


metastases. 


have metastatic 


otherwise would 


are evident 


TABLE 2 
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The latter is of some practical impor- 
tance as, in these cases, the technique 
of iliac puncture was more difficult 
than that of the sternum, especially in 
cases with metastases with their re- 
sultant increased osteosclerosis. 

An attempt was made to correlate 
the degree of malignancy and the pres- 
ence of distant metastases. The patho- 
logical tissue sections were graded® us- 
ing the criteria suggested by Broders?. 
Carcinoma of the prostate does not 
readily lend itself to grading because 
of the wide variation from one area to 
another in the same section. For our 


INCIDENCE OF POSITIVE MARROW ASPIRATIONS IN 57 CASES OF 


CARCINOMA OF THE PROSTATE 


No. of ( ‘ases 


Positive sternum; positive ilium 10 
Positive sternum; negative ilium 1 
Positive sternum; no iliac specimen 5 
Positive ilium; negative sternum 1 
Positive ilium; no sternal specimen 2 


Table 2 details the number of posi- 
tive aspirations from each site. In the 
total of 19 positive bone marrows the 
sternum contained carcinoma cells in 
16 cases and the ilium in 13. In 5 cases 
the sternum was positive and no speci- 
men was available from the ilium, due 
either to omission of the procedure or 
to an unsuccessful tap. Similarly, in 2 
ases the iliac crest was positive and no 
sternal available. How- 

ver, from the totals presented it is 
vident that carcinoma cells from the 
rostate are found with almost equal 


marrow Was 


requency 
rium of the sternum as from the crest 
f the ilium. This lends support to the 
theory of dissemination of 
ircinoma of the prostate, as the more 
nportant mode of spread, and sug- 
ests that the manubrium may be 
tilized as the routine aspiration site. 


ascular 


*We 


ese slides. 


in marrow from the manu-. 


purpose the most malignant area of 
each section was selected for the grade 
number, which was based primarily on 
the differentiation of the acini but with 
anaplasia and mitotic figures also taken 
into consideration. In our study, 2 
cases were Grade 1 with no evidence 
of metastases; 17 cases of Grade 2 
with 7 showing metastases; 19 cases of 
Grade 3 with 8 having metastases; and 
4 out of 7 cases of Grade 4 showing 
metastases. We found no specific cor- 
relation except that the cases in Grade 
1 did not have metastases. As only 2 
cases fell into this category, no con- 
clusions are justified. 

The blood hemoglobin level of 2415 
adult male patients admitted to the 
University of Towa Hospitals ranged 
from 9.2 to 16.9 gm. per 100 cc. of 
blood!, averaging 13.4 gm. We chose a 
hemoglobin level of 10.5 gm. as an 


are indebted to Dr. J. R. Carter, Associate Professor of Pathology, for reviewing 
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arbitrary limit of anemia for the analy- 
sis of this group of patients. 
Hemoglobin of 10.5 gm. or less per 
100 cc. of blood was frequently asso- 
ciated with metastases. There 
was no clear relationship between the 
occurrence of anemia and the severity 
of the metastases. In the anemic group, 
5 of 13 patients had widespread skele- 
tal dissemination as determined from 
roentgenographic examination; but, 5 
patients in the non-anemic group were 
so affected. Because of the wide differ- 
ence in the numbers of the two groups 
and due to the fact that complete bone 
surveys were not done on all patients, 
the significance of this relationship is 
uncertain. Eleven patients with anemia 
had bone while 17 non- 
anemic patients had them. Uremia was 
found only in 3 non-anemic patients. 
This agrees with the work of Shen and 
Homburger®, who found 48% of 50 pa- 
tients with osseous metastases from all 
types of primary carcinoma to be ane- 
mic. This, coupled with the observa- 
tion that on the marrow slides of even 
the most severe cases there were mere- 
ly isolated clumps of carcinoma cells 
surrounded by relatively normal hemo- 


bone 


metastases, 


poietic tissue, makes us doubt the 
validity of the hypothesis that the 
anemia associated with metastatic 


carcinoma is the result of displacement 
of normal marrow elements by these 
foreign cells. We agree with Shen and 
Homburger® and with Vaughan’ that 
this anemia is due to some as yet un- 
identified toxic substance or to a defi- 
ciencv of necessary hemopoietic ma- 
terial®. Uremia was not a factor in the 
production of anemia in these cases. 
If the term leuko-erythroblastic ane- 
mia be defined as anemia accompanied 
by immature elements of the ervthroid 
and myeloid series in the peripheral 
blood, we found onlv 5 such cases in 
the present series (Table 1, Numbers 
3, 11, 29, 37, 46). One additional case 


AND CARCINOMA OF THE PROSTATE 
(No. 28) had 2 of the 3 
but lacked immature erythrocytes in 
the peripheral blood. Like Rundles and 
Jonsson®, we found this type of blood 
picture; generally, with the most severe 
degrees of anemia. Three patients 
(Numbers 1, 16, 23), however, had im- 
mature granulocytes or immature ery- 
throcytes or both in the peripheral 
blood without anemia. All 3 had posi- 
tive bone marrow smears, and 1 had 
positive roentgenograms. As evidence 
that invasion of the bone by metastatic 
carcinoma does not necessarily pro- 
duce anemia or a leuko-erythroblastic 
blood picture, 10 patients had bony 
spread without significant alteration of 
the formed elements in the peripheral 
blood. 


requirements 


In the present group, 15 patients had 
a leukocyte count greater than 10,000 
cells per cubic millimeter of blood 
without a temperature above 99°F. or 
other discernible conditions predispos- 
ing to high white-cell counts. Metas- 
tases to bone were apparent in 7 but 
the complete picture of leuko-erythro- 
blastic anemia was not found, though 
3 were anemic and 2 others had more 
than 1% myelocytes in the peripheral 
blood. As 19 patients had bone metas- 
tases with normal white cell counts, 
leukocytosis per se is not a reliable aid 
in any given case. 

Eight patients were receiving. stil- 
bestrol at the time of the bone marrow 
studies, and 5 had bone invasion. The 
effect of therapy on metastases has 
been reported®. 

A close correlation was found be- 
tween phosphatase activity and metas- 
tases (Table 3). Of the 28 patients 
with proved metastases, acid phos- 
phatase was elevated in 15, normal in 
9, and in 4 determinations were not 
available. Alkaline phosphatase was 
elevated in 17, normal in 6, and 5 de- 
terminations were not done. However, 
in only 3 patients (Table 1, Numbers 


J 
2 
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PABLI PHOSPHATASE ACTIVITY IN 37 ASES OF CARCINOMA OF THE PROSTATE 
Dem nstrated Metastases IS patients 
| ke vated phe sphatase 17 
Normal phosphatases 9 ( 
No phosphatase determinations } 
Without Metastases (29 patients 
Elevated phe sphatases l } 


14. 35.52) were both normal acid and 


alkaline levels associated with skeletal 
lesions: one had been receiving. stil- 
bestrol. which may well account. for 


the normal phosphatase level. Four had 
alkaline 


acid phosphatase levels without  evi- 


elevated and one elevated 
dence of metastases (Table 1, Numbers 
2.9, 10, 22. 44). In this series increased 
phosphatase activity provided a good 
indication of bone metastases, though 
a normal level did not exclude metas- 
tases. 

Discussion. Our aim in this study 
was to determine whether or not bone 
metastases of carcinoma could be de- 
tected by bone marrow aspiration with 
sufficient frequency and facility to use 
it as a routine procedure. In our 57 
cases of carcinoma of the prostate ap- 
proximately 9% had carcinoma cells in 
the bone marrow without other diag- 
nostic evidence of this spread. Carci- 
noma found 
equal frequency in marrow from the 
sternum and from the iliac crest; and, 
for the diagnostic 
criteria, they are readily distinguished 


cells were with almost 


with due regard 


from normal marrow elements. 

Our criteria for tumor cell identifica- 
tion are roughly those outlined by Sev- 
eral other authors*’". We believe that 
it is very hazardous to attempt identi- 
fication of metastatic carcinoma from a 
single cell, as the tumor cells resemble 
reticulum 
from 


primitive marrow cells. In 


our experience, cells prostatic 
carcinoma appear in clusters, usually 
forming a syncytium. The individual 
cells vary in size but are predominant- 


lv large. The nuclei are relatively large 


and round or oval, though occasionally 
pleomorphic. Nuclear chromatin is a 


. > 
surrounding ors 


heavy reticulum 
very distinct nucleoli. The cytoplasm 
varies in color from moderately baso- 
philic to pale gray or blue. It is mot- 
tled, vacuolated, and has indefinite ir- 
Figures 1 to 4 
color photomicrographs of typical ex- 


regular borders. are 


amples of these cells. 
\ multinucleated marrow cell (prob- 


ably an osteoclast) which might be 


mistaken for a clump of neoplastic 


The 


which are frequently piled upon each 


cells is shown in Fig. 5. nuclei, 
other. are round or ovoid and contain 


The 


chromatin is a spongy reticulum. Fine 


two or more distinct nucleoli. 


azurophilic granules are dispersed 
through the pale blue-gray cytoplasm. 
This cell is rarely encountered in nor- 
mal marrow, being most often encount- 
ered in hypoplastic marrow. It was not 
unusual to find 5 to 6 osteoclasts in a 
marrow smear from patients with pro- 
static carcinoma when few other mar- 
row elements were present. 
Occasionally a nest of plasmocytoid 
cells was encountered on smears of 
marrow aspiration which resemble car- 
cinoma cells. A clump of these cells is 
shown in Fig. 6. The cytoplasm, mot- 
tled and often vacuolated, is moderate- 
lv basophilic in color, and a perinuclear 
halo is usually present. The cytoplasm 
does not form a syncytium, but rather 
each cell can be distinguished as an 
individual. The cell borders are usual- 
lv ragged and irregular. The nucleus is 
eccentrically placed, appears immature 
with nucleoli, and_ its 


several distinct 
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chromatin forms a fine reticulum. We 
found clumps of these cells and single 
cells in normal and various pathological 
conditions. The photomicrograph was 
taken from a marrow smear of a 13- 
year old girl with congenital hypo- 
plastic anemia. 
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ent seemed unlikely to have been pro- 
duced by compression from these for- 
eign cells. 

Since both sternal and iliac crest 
punctures are not necessary in these 
cases, the time consumed by the bone 
marrow survey can be roughly halved. 


cell 


bone 


Fic. 5.—A marrow giant 


(osteoclast) 


that may be confused with a clump of 


neoplastic cells. 


A nest of plasmocytoid cells in bone marrow that may be mistaken for metastatic 


carcinoma. 


Although complete differential counts 
were not done on the marrow films, we 
did not detect any significant variation 
in the frequency distribution of the 
normal cells. Eosinophilia was noted 
in 4 cases. Two of these were positive 
for carcinoma cells. Usually cellularity 
was normal; however, some appeared 
hypocellular and others hyperplastic. 
Even though a marrow slide might be 
‘well loaded” with carcinoma cells, 
nost often such a preponderance of 
lood-forming elements was evident 
that any anemia which might be pres- 


Thus, 8 slides can be prepared from 
any one of these sites and scanned 
within an hour. At least this number 
of slides should be examined before 
calling a given aspiration negative, for 
in only 9 of our 19 cases with positive 
aspirations were carcinoma cells found 
on all 8 slides. In several cases they 
were present only on | or 2 slides from 
one or the other area. 
Leuko-erythroblastic anemia did not 
occur with as great frequency as an- 
ticipated. Of the 5 cases only 1 did not 
have positive roentgenograms. All cases 


2 >. 
lt 
Fc. 6 
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with a significant percentage of im- 
mature granulocytes or erythrocytes in 
the peripheral blood had proof of 
metastases. However, many patients 
had metastases without disturbance of 
peripheral blood pattern. The presence 
of leuko-erythroblastic anemia is in- 
dicative of bone dissemination but its 
absence does not exclude metastases. 
Lack of correlation between the grade 
of malignancy of the primary tumor 
and the occurrence of metastases was 
not particularly surprising. The com- 
parison was of interest for it has not 
been reported previously utilizing the 
method of this study. The inherent dif- 
ficulties in exact grading of prostatic 
carcinoma have been discussed. 
Among the adjunctive studies the 
phosphatase activity was the most 
helpful. In only 2 patients (untreated 
with stilbestrol ) were metastases dem- 
onstrated in the absence of increased 
phosphatase levels; and in only 5 pa- 
tients were there elevated phosphatases 
without evident metastases. Whether 
the relationship of phosphatases will 
hold for other types of metastatic 
carcinoma remains to be seen. 
Summary and Conclusions. We stud- 
ied 57 cases of carcinoma of the pro- 
state, 49 of which were proved. Data 
included skeletal roentgenograms, bone 
marrow aspirations from iliac crest and 


sternum, peripheral blood picture, 
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grading of pathological specimens ac- 
cording to Broder’s? classifications, acid 
phosphatase, alkaline phosphatase, 
blood urea nitrogen, and creatinine. 
The following conclusions are drawn: 
1) Cells metastatic from carcinoma 
of the prostate were demonstrated 
in “routine” bone marrow aspira- 
tions in 33%. 
These cells occurred with equal 
frequency in marrow from the 
sternum and the ilium. 


Approximately 9% had widespread 
skeletal dissemination of carci- 
noma without diagnostic  evi- 
dence other than positive bone 
marrow punctures. 

$) Adjunctive 
such as peripheral blood smears 
and phosphatases, were helpful 
but not diagnostic. The alkaline 
phosphatase was the most useful 
of these. 


5) We found no correlation between 


laboratory — studies 


the presence of metastases and 
the Broder’s grade of malignancy 
of the primary carcinoma. 


Since an adequate bone marrow 
examination can be performed in 
one hour or less by competent 
persons, it should be done in pa 
tients with prostatic carcinoma 
being considered for radical sur 
gery. 
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THE DETERMINATION OF THE STATISTICALLY MINIMUM 


NUMBER OF CASES 


By R. H. Peckuam, Pu.D. 


ASSOCIATE PROFESSOR OF 


(From the Department of Ophthalmology 


RESEARCH OPHTHALMOLOGY 


, Temple University School of Medicine, 


Philadelphia, Pennsylvania ) 


THERE is considerable advantage to 
be obtained from statistical scrutiny of 
the reports of medical research. A good 
part of this advantage is lost for one 
In the first 
place, a large proportion of the readers 
do not understand statistical terminol- 
ogy; consequently authors hesitate to 
publish their results in statistical par- 
lance. In the second place, some tech- 
niques are difficult to carry out as well 
as difficult to understand, and authors 
do not expend the required time and 
effort. In the third place, statistical 
scrutiny frequently shows the work be- 
much weaker 
than the author’s convictions, and the 
uuthor, therefore, prefers to ignore sta- 
tistical interpretation, since he, himself, 
has slight confidence in statistical ap- 
probation. 

This state of affairs is being gradu- 
lly overcome, and much recent litera- 
ture is replete with statistical analyses. 
Nevertheless, some short-cut method, 
vhich can be applied to past publi- 

itions as well as present research, 
eeds to be devised. Such a method 

ust attain certain specific aims. It 
ust be simple enough to be applied 
vy uninitiated readers; it must be 
ised upon recognized statistical tech- 
iques; it must be applicable to nearly 
very type of research reporting; and 

must be capable of helping the 
ader to discern between incomplete 
porting or inadequate subject ma- 
rial, and satisfactory completion of 
search. 


of three obvious reasons. 


ing described to be 


To devise a technique that is at once 
simple enough for an unsophisticated 
reader and adequate to a critical stat- 
istician may seem an impossible task. 
It is with some misgivings, therefore, 
that the author makes the present pro- 
posal. It is believed, however, that the 
method here described leads fairly 
close to such ideal qualities. 

Our method is derived from the chi- 
squared treatment of the double dichot- 
omy which leads to the mathematical 
prediction of the probability of a de- 
nial of the null hypothesis'. This state- 
ment may seem to the reader to be 
esoteric and incomprehensible. There- 
fore, we must define and describe the 
above terms. Chi-squared refers to a 
method of estimating the proportional 
areas of the normal bell-shaped distri- 
bution curve of biological variation. A 
double dichotomy is the division of the 
data included in experimental results 
into 2 sets of 2 classes each. The 2 
sets may be experimental and control 
series or cases, they may be 2 different 
sets of experimental studies, or they 
may be a real set and an imaginary or 
presumed set of normally expected re- 
sults or data. The 2 classes of each set 
are, for instance, success or failure, 
large or small, above average or below 
average, or they may be the surviving 
and perished cases. It is essential that 
these 4 divisions be mutually incom- 
patible, that is, there cannot be inde- 
cision in the classification. Thus a 
single case or datum may be experi- 
mental or control, and either alive or 
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dead. The null hypothesis is the pre- 
sumption, for the sake of argument, 
that the results could have occurred by 
accident or chance. If it can be shown 
that the results are not accidental, then 
and only then can the results be at- 
tributed to the experimental treatment. 

To disprove the null hypothesis, cer- 
tain mathematical manipulations are 
undertaken upon the data to predict 
the probability of a chance result. 
When this probability can be shown to 
be sufficiently slight, the statistician 
concedes that the experimental results 
may be useful. It is usually sufficient 
to show that the results are not more 
than 5% chance, that is, that there is 
about a 20 to 1 bet in favor of a real 
association. This is called the 5% level 
of confidence. Occasionally, the 1% 
level of confidence may be preferred. 

Now, this computation of chance 
association depends upon 3 variables, 
when applied to the double dichotomy. 
Firstly, the more cases that are studied, 
the more remote becomes the element 
of accident or chance: hence, the ever- 
crying demand for more and more 
cases. But numbers alone cannot lend 
credence to data, for, secondly, chance 
association depends upon the relative 
difference between the two classes of 
the dichotomy. When the data are di- 
vided into nearly equal classes, more 
cases are required than when either 
success (or failure) is relatively rare. 


TABLE 1 


STATISTICALLY MINIMUM 


NUMBER OF CASES 

Thirdly, the greater the relative differ- 
ence between these classes, for the 2 
sets of the dichotomy, the fewer cases 
are required. The reader can see, 
therefore. that no nice round number 
for the least number of cases can be 
predetermined. As will appear in the 
table below, there experiments 
when as few as 2 cases are needed, and 
others where at least 3500 are required 
for each set of data. 

The double dichotomy is presented 
in a certain exact form for the applica- 
tion of this statistical technique. Each 
item must be exactly known, or in- 
ferred, from the reported data. This 
form is shown in Table 1. When the 
values of the dichotomy are known, 
the probability for chance can be com- 
puted. However, the corollary is also 
true, with certain assumptions, that for 
a given probability of chance, and 
given relationships between the propor- 
tions a, b. c, and d, the values of N, 
and N» can be predicted. 

This is what has been done. Table 
2 gives the relationship, or ratio, of 
e:f, and the disproportion or difference, 
delta (A). We have computed the 
necessary values for N; or No, which 
ever is the lesse:. Actually, the compu- 
tation was carried out for N, = No, but 
this need not affect the application of 
the table to real data, it only serves to 
render the interpretation more con- 
servative. 


are 


MATHEMATICAL FORM FOR THE PRESENTATION OF DATA 


IN A DOUBLE DICHOTOMY 


Success 
Experimental a% 
Control c% 
Average e% 
Difference 


a and b are percentages of N; 
a+b = 100% 
c and d are percentages of N> 
e +d = 100% 


e is the arithmetic mean (average) of a and c 
(a+c) +2 =e 


Number of 


Failure Cases 
b% N, 
d% N2 


f is the arithmetic mean (average) of b and d 
+d)+2 =f 

e+f = 100% 

A is the difference between a and e 


A = (a —e) 


| 
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TABLE 2 


STATISTICALLY MINIMUM NUMBER OF CASES 


TABLE FOR THE MINIMUM NUMBER OF CASES IN 


THE 


SMALLER HALF OF A DOUBLE DICHOTOMY 


Computed for the condition that p 


for p = 
Value 
of — 
0:50 j0:60 30:70 25:75 20:80 
l 3500 3400 83000 2700 2250 
nw) S80 840 740 660 560 
3 300 880 330 295 250 
$ 220 215 188 168 140 
5 140 135 118 106 90 
6 97 95 82 74 63 
8 5 54 47 41 35 
10 34 27 23 
12 25 24 21 19 16 
15 16 15 14 12 10 
20) 9 9 Ss 7 6 
25 6 6 5 5 
80 + 
0 3 
50 4 


The application of the table can be 
best shown by example. Two such ex- 
amples are quoted. In the first, a study 
was made of the usefulness of hyoscine 
in reducing the incidence of seasick- 
ness*. The author reported 34 cases of 
125 who re- 
ceived hyoscine, and 63 cases of sea- 
sickness 118 who received 
placebos. These data are put into the 
tabular form of the double dichotomy, 
in Table 3. We find that e:f = 60:40, 
and that 13%. From Table 2, in 
the 40:60 column, at the 12% value for 

. we find the number 25. This means 
that at least 25 men must have been 
measured to disprove chance results. 
the smaller actual number is 
118, there are sufficient data. Had we 
desired the 1%-level of confidence, 25 
must be doubled, and 50 men would 


seasickness among men 


among 


Since 


TABLE 3 


(Success) Not Seasick 

7% = 73% (a%) 
100% — 58% = 47% (c%) 
(738 + 47) + 2 = 60% (e%) 
A = 78 — 60 = 18% (a% — e%) 


100% — 


Experimental (hyoscine) 
Control placebo 
Average 


Values of the ratio e:f (in per cent) 


= 5%, for various disproportions; 
©, double th 
1°;, double the number of cases. 


16:84 13:87 10:90 8:92 6:94 
1900 1600 1260 1050 780 660 
470 400 320 260 200 168 
210 175 140 115 88 73 
120 96 78 65 49 42 
75 64 50 42 32 27 
54 49 35 29 22 
29 25 20 16 
20 17 13 
14 12 
9 


be required. There are still enough 
cases. 

As a second example, consider a re- 
port on sulfa-drugs, used in treating 
lobar pneumonia*®. With the use of 
sulfapyridine, there were 72 deaths in 
733 cases, and with sulfathiazole, 54 
deaths in 447 cases (Table 4.) Again, 
the data are reduced to the dichotomy 
form, as in Table 3. From Table 2, at 
e:f = 90:10 (or 10:90) and A = 1% 
at least 1260 cases are required. The 
smaller number, 447, is less than % of 
the required number. Therefore, al- 
though over 1000 cases in all are re- 
ported, it cannot be shown that the 
results are not accidental. Therefore, 
these data do not establish a superi- 
ority for sulfathiazole in the treatment 
of lobar pneumonia. 


SEASICKNESS DATA REDUCED TO A DOUBLE DICHOTOMY (TYLER®) 


Number 

(Failure) Seasick of Cases 
$4/125 = 27%, (b@) 125 
63/118 = 58% (d@) 118 


(27 + 53) +2 = 40% (f%) 
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TABLE 4.—DATA ON SULFA-DRUGS IN PNEUMONIA REDUCED TO 
A DOUBLE DICHOTOMY (FLIPPIN 

Survivors Deaths Cases 
Sulfapyridine 100°, 9.80% 90.20% (a% 72/733 9.8! bo, 733 
Sulfathiazole — 12.10% = 87.9% 54/447 = 12.15% (dd $47 
Average 89.05% 10.956, (fo, 

1.15‘ 
Although this proposed statistical the proportions of a, b, c, and d, have 


tool must remain an approximation, it 
is the authors conviction that we have 
here a rather simple and direct method 
of testing data. It can be applied to 
old as well as to new data, with only 
a little ingenuity 
chotomy. It will serve to establish when 
insufficient data are presented in old 
data, and will serve to predict the re- 


in devising the di- 


quired extent of new research, once 
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been approximately determined. 
Summary. A 
which permits experimental data to be 


method is presented 
reduced in a simple manner to a form 
from which their statistical significance 
can be determined. No difficult mathe- 
matics and no abstruse concepts are 
required. The method is equally as ap- 
plicable to new as to already published 
data. 
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ArrHoucu retention of salt and 
had recognized in 
congestive failure, the possible role of 
the kidney in the pathogenesis of 
cardiac edema was first emphasized 
in 1944 by Warren and Stead?*. These 
investigators postulated the following 
chain of events: (1) inadequate car- 
(2) alteration in renal 
hemodynamics with resulting exces- 
sive retention of salt and water, (3) 
consequent increase in plasma volume 
and concomitant accumulation of in- 
terstitial edema, and, finally, (4) rise 
in venous pressure. This hypothesis 
stimulated intensive investigation of 
renal hemodynamics in normal sub- 
jects and in cardiac patients. Increased 
tubular reabsorption of sodium without 
significant change in glomerular filtra- 
been demonstrated subse- 
quently in normal subjects as_ the 
result of exercise™, change from a 
recumbent to a standing or sitting posi- 
tion'!15. venesection', elevation in 


water long been 


diac output, 


tion has 


renal venous pressure®, and venous 
stasis in the extremities*. Exaggerated 
renal retention of sodium occurs in 
heart disease, as exemplified by the 
fact that much lighter exercise pro- 
vokes a much greater tubular reabsorp- 
tion of sodium in the cardiac patient 
than in the normal control'*. Sodium 
retention by the cardiac patients was 
also demonstrated in the absence of 
changes in renal hemodynamics’®. 
Furthermore, evacuation of sodium and 
water may take place during recom- 
pensation without any changes in 
glomerular filtration rate or renal 
plasma flow?. 

The fact that changes in renal hemo- 
dynamics are unnecessary for the in- 
creased tubular retention of sodium 
in congestive failure or for the tubular 
rejection during recovery directs at- 
tention to the possibility of a funda- 
mental disorder of extrarenal sodium 
metabolism. If sodium retention were 
primary, a rise in plasma sodium con- 


* Supported by grants from the National Heart Institute and the Michigan Heart Association, 
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centration would be anticipated dur- 
the development of 
failure. Data on plasma sodium levels 
in congestive failure are meager and 
the present status does not differ from 
that in 1948, so aptly characterized by 
Peters!? as follows, “The problem of 
plasma sodium concentration has been 


congestive 


ing 


more discussed than investigated.” Re- 
cent reports have been inconclusive, 
either the administration 
of mercurial diuretics to most of the 
patients prior to blood sampling!*17.”°, 
or because of lack of information on 


the use of these agents®:!* 


because of 


. This con- 
stituted a serious omission, in view of 
the known tendency for mercurial 
diuretics to produce 
The findings of other workers will be 
analyzed in the discussion of the re- 
sults from the determination of plasma 
sodium levels in untreated congestive 
failure to be reported in this study. 

The demonstration of cellular up- 
take of potassium during recovery from 
congestive failure’®18, suggested cellu- 
this element during de- 
compensation and thus prompted a 
study of plasma potassium concentra- 
tion in untreated cardiac failure. 

The relationship of the findings to 
the pathogenesis of congestive heart 
failure will also be discussed. 


lar loss of 


Method and Material. Plasma sodium and 
potassium concentrations were determined in 
71 cases of congestive failure uncomplicated 
by renal disease or by vomiting or diarrhea. 
Samples were drawn soon after admission and 
before any mercurial therapy in 56 of the 71 
patients. None of these had received mer- 
curial diuretics for at least 2 weeks prior to 
admission. These patients, therefore, repre- 
sented congestive heart failure cases uncom- 
plicated by renal, extrarenal, or therapeutic 
factors. Plasma samples in the remaining 15 
cases were drawn after a variable period of 
hospitalization. During the fortnight before 
plasma samples were obtained, 9 had received 
1 to 2 mercurial injections, 5 had received 3 
to 4 parenteral doses, and 1 had received 8 
injections. 


CONGESTIVE 


HEART 


FAILURE 


The cases were divided into 4 groups, de- 
pending on whether right-sided or left-sided 
failure was predominant. Group I consisted 
of 12 cases with severe right-sided failure, 
but little or no left-sided failure. Group II 
comprised 17 cases with severe pulmonary 
congestion and edema, but little or no periph- 
eral edema. Group III 
with severe right and left-sided failure. Group 
IV comprised 16 cases with mild to moderate 
right and/or left-sided failure. 

Repeat determinations for plasma sodium 
and levels after 
recompensation from heart failure in 26 cases. 
Serial levels obtained 
with change in weight in 6 cases. 
storation of 


included 26 cases 


potassium were obtained 
correlated 
After re- 
the latter, 


induced by 


were and 
compensation in 4 of 
congestive failure 
chloride supplements 
while under constant observation in the hos- 
pital. 


Was sodium 


and/or ambulation, 


Plasmas were analyzed for sodium and _ po- 
tassium concentrations on the flame photo- 
meter, according to the method 
previously!4. Normal values 
from a series of 


described 
obtained 
73 normal fasting adults!9 
Body weight was accurately measured on the 
Troemer beam balance. 

Results. Table 1] the 
values obtained for plasma sodium and 
potassium concentrations in congestive 
heart failure and compares the mean 
and the distribution of values with the 
normal. In Figure 1 the individual 
values for sodium and potassium in 
each of the 71 cases are depicted 
graphically. The classification accord- 
ing to type of congestive failure, pres- 
ence or absence of azotemia and ante- 
cedent mercurial therapy is indicated 
for each case by appropriate symbols 

PLASMA SODIUM CONCENTRATION. The 
over-all mean of 149.0 + 7.2 mEq./L 
in the 71 cases of congestive failure 
was definitely higher than the normal 
mean of 142.0 + 3.1 mEq./L. The mean 
values were equally elevated for pa- 
tients in Group I with severe right 
heart failure, Group II with severe 
left heart failure, and Group III with 
combined right and left failure, but 
were not quite as high for those in 
Group IV with mild to moderate fail- 
ure. The mean value for the 18 pa- 


were 


summarizes 


+ 
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| 
q 
| 
PLASMA i 4 4 
POTASSIUM + 
CONC. +T +6 Ort, rir 
még /lite | r + + tri 
FL 
MEAN 4 
| 4 
+ | 
Severe right sided foilure (1) 
io right @left (ill) 
: Moderate right left failure (IV) 
NORMAL © Received mercurials within 2 wks. 
MEAN Azotemic BUN > 25mg /eoee. 
120 130 140 150 160 170 
PLASMA SODIUM CONC. 
m€q. / liter 


NORMAL 
Congestive Heart Failure 


Normal All Group Group Group 
('ontrols Cases Il Hl 
No. of cases 72 (Na) 
73 (K) 71 12 26 
Plasma Na mean mEq./L 142.0 149.0 149.2 150.2 149.3 
Std. dev. =3.1 +72 +5.7 =7.$ 
a) 
©? of cases above normal 50* 85 75 100 85 
mean 
below normal 50 15 25 0 15 
mean 
of CAaSCS above 7 2 go 54 58 65 58 
between +2¢ 94 44 42 35 38 
below -2 o 8 2 0 0 4 
Plasma K mean mEq./L 4.06 4.8 5.0 4.8 4.7 
Std. dev. +() 32 +0.7 +(0).7 +0 .6 
lo) 
> of cases above normal 50* 85 100 82 85 
mean 
below normal 50 15 0 18 15 
mean 
/ of cases above +2¢ $* 59 67 65 62 
between +2 94 39 33 35 38 
below —2oa 38 2 0 0 0 


* Theoretical normal distribution 


Fic. 1. Plasma sodium and potassium concentrations in congestive heart failure. 


TABLE 1.—PLASMA SODIUM AND POTASSIUM CONCENTRATIONS IN CONGESTIVE 
HEART FAILURE. MEAN VALUES AND DISTRIBUTIONS COMPARED WITH THE 
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Group 
IV 
16 
147.0 
75 
25 
31 
63 
6 
4.5 
+0.7 
75 
25 
44 
50 
6 


tients with azotemia (as indicated by 
blood urea nitrogen over 25 mg./100 cc. 
or blood non-protein nitrogen over 50 
mg./100 cc.) was 147.0 mEq./L., and 
was thus slightly but not significantly 
reduced. The mean plasma sodium 
concentration in the 15 patients who 
had received mercurial therapy dur- 
ing the 2 weeks before blood sampling 
was 143.2 mEq./L., a figure substan- 
tially lower than the mean for the en- 
tire series. 

Eighty-five per cent of all cases had 
sodium values above the normal mean 
and each of the individual groups like- 
wise showed a preponderance of val- 
ues above the normal mean. The ma- 
jority of cases in Groups I, II, and III 
had plasma sodium _ concentrations 
greater than 2 times the standard de- 
viation above the normal mean, indi- 
cating the likelihood of the plasma 
level to exceed the upper limits of 
normal range in severe congestive fail- 
ure. In Group IV with mild to moder- 
ate failure, only about one-third of the 
patients had values above this level. 

Eleven of the 71 patients (15%) had 
plasma sodium concentrations below 
the normal mean and 2 of these had 
values below the normal range. Neither 
of the 2 patients with definite hypo- 
natremia had azotemia or mercurial 
therapy during the fortnight prior to 
withdrawal of the specimen. 

A graphic representation of initial 
plasma sodium levels during failure 
and final levels after compensation is 
given for 26 cases in Figure 2. The 
initially high plasma sodium concen- 
tration fell significantly in 20 cases, to 
final levels that were slightly above 
normal in 5 cases, to within the nor- 
mal range in 13 and below normal in 
2. The mean sodium concentration in 
this group at the height of failure was 
152.8 mEq./L. and after recompensa- 
tion, 143.9 mEq./L. The average fall 
was 8.9 mEq./L., the greatest magni- 
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tude of fall occurring in cases with 
initially high concentrations of sodium. 
Six of the 26 cases showed a slight rise 
in plasma sodium concentrations from 
an essentially normal mean of 142.4 
to a mean of 145.7 mEq./L. The aver- 
age rise was only 3.3 mEq./L. 

Figure 3 depicts the course of the 
body weight and plasma sodium con- 
centration during recovery from car- 
diac decompensation in 6 patients and 
during a subsequent attempt at induc- 
tion of congestive failure by sodium 
chloride supplements with or without 
ambulation in 4 of these patients. An 
essentially parallel fall in plasma 
sodium level and body weight during 
recovery from congestive failure was 
observed in 3 patients (M. H., J. J., 
and L. K.); maintenance of plasma 
sodium concentration at an abnormally 
high plateau until all edema had been 
evacuated was observed in 3 patients 
(J. T., K. B., and J. D.). The plasma 
sodium level fell sharply after stabili- 
zation of body weight at its minimum 
in each of these patients, despite con- 
current administration of sodium chlo- 
ride supplements to one patient (J. D.). 

Continued administration of the salt 
supplements to patient J. D. led sub- 
sequently to a rise of plasma sodium 
almost to its original level, along with 
a small weight gain. Sodium chloride 
supplements in another patient (L. K.) 
were followed by a progressive rise 
in both plasma sodium concentration 
and body weight to their original 
levels. The addition of sodium chloride 
to the diet of another patient (J. J.) 
did not interfere with restoration of 
compensation while strict bed rest was 
maintained, but was accompanied by 
a slight rise in plasma sodium level 
and a gain in weight after ambula- 
tion was permitted. Institution of am- 
bulatory activity in patient M. H. dur- 
ing maintenance on a low sodium diet 
was followed by a significant rise in 
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plasma sodium concentration from a 
low to a normal level and a slight gain 
in weight; addition of 6.0 gm. salt to 
the daily diet without modification of 
physical activity led to an abrupt de- 
velopment of hypernatremia with a 
slight gain in weight; confinement to 
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and/or ambulation leads to accumu- 
lation of relatively greater quantities 
of sodium than water in the extra- 
cellular compartment. 

PLASMA POTASSIUM CONCENTRATION. 
The over-all plasma potassium con- 
centration in congestive heart failure 


170 


PLASMA 
SODIUM 
CONC. 


mé€q. /liter 


DURING 
DECOMPENSATION 


AFTER 
RECOMPENSATION 
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Plasma sodium concentration during cardiac decompensation 
and after recompensation in 26 patients 


Plasma sodium concentrations during cardiac decompensation and after recompensa- 


tion in 26 patients. Twenty patients showed a fall (straight line) and 6 showed a rise (broken 
line) in concentration with recompensation. 


bed with maintenance of salt supple- 
ments was followed by an abrupt fall 
in plasma sodium level, but a con- 
tinued gain in weight; resumption of a 
ow sodium diet resulted in return of 
plasma sodium level to normal and a 
light weight loss. The dramatic 
hanges in plasma sodium concentra- 
ion in patient M. H. and the rise in 
‘lasma levels in the other 3 cases in- 
licates that induction of congestive 
ailure by sodium chloride supplements 


was 4.8 + 0.7 mEq./L. compared to the 
normal mean of 4.06 + 0.32 mEq./L. 
Group I had the highest mean and 
Group IV, the lowest mean among the 
separate groups. Considerably more 
patients (85%) had values above than 
below the normal mean. This dispro- 
portion was found in each of the sep- 
arate groups, but was least apparent 
in Group IV. A significant number of 
patients (59%) had values greater than 
the mean plus twice its standard de- 
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DAYS 9 5 Le) I5___ 20 25 30 35 40 45 50 


NoC! supplement 6.0 gm. /do 
60r- 
55 
50 


AMBULATORY ACTIVITY BED REST 


65 170 
60 160 
55 150 
140 = 
60}- 
NoC! supplement 2.0 gm./da 
140 
| 
L.K 
120% 


NoCl supplement 4-6 gm. /do 


BED REST AMBUL ATORY 
140 4+ CORRELATION OF 
Jd PLASMA SODIUM CONG 
—65| gf 30} TO BODY WEIGHT 
85} #460 + DURING RECOVERY 
NoC! supplement 6.0 AND INDUCTION OF 
J CONGESTIVE 
FAILURE 
140 7 
70 130 J.D 
60} 160 
55+ 150 4 
50 140 
J.T. 


Fic. 3. Correlation of plasma sodium concentration to body weight during recovery and 
induction of congestive failure. 


viation. Approximately two-thirds of differ from the mean of the entire 
the patients in each of the first 3 series. 
groups, but less than half in Group The mean plasma potassium concen- 
IV had values above this level. Only 1 tration fell slightly in the 26 cases re- 
abnormally low plasma potassium level studied after compensation. There was 
was found. This occurred in Group IV. no correlation, however, between the 
‘The mean plasma potassium concen- changes in potassium level and the 
trations in patients who had received fall in sodium level as recovery took 
mercurial injections and in patients place. 
who were azotemic were 4.7 and 4.8 Discussion. These studies signify 
mEq./L., respectively, and thus did not that both plasma sodium and _potas- 


1 

| 
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sium concentrations are frequently 

heart failure. 
The absence of significant differences 
in electrolyte levels among the groups 
with predominant right-sided failure, 
isolated pulmonary edema and com- 
bined right and left heart failure indi- 
that the are related 
to failure of the circulation and _ re- 
lease of electrolyte from embarrassed 
a whole, rather than to locali- 
zation of the fluid in the pulmonary 
or systemic compartments. The lack of 
correlation with blood urea nitrogen 
indicates that abnormalities in 
electrolyte concentration are independ- 
ent of the azotemia that frequently 
accompanies congestive failure in the 
absence of demonstrable intrinsic renal 


elevated in congestive 


cates elevations 


cells as 


le vels 


disease. 

The mean values for plasma _potas- 
sium of 4.8 0.7 mEq./L. in our 71 
congestive failure, as com- 
pared with 4.06 0.3 mEq./L. in 73 
normal controls, were in general agree- 


cases of 


ment with the findings of Squires, 
Singer, Moffitt and Elkinton?°, who 
reported a mean value of 4.62 1.04 


mEq./L. in 54 patients with congestive 
failure, as compared with 4.00 0.33 
mEq./L. in 18 normal subjects. 

The demonstration of hypernatremia 
in the majority of our cases is at vari- 
ance with other reports. In a study of 
sodium clearance, Mokotoff, Ross and 
Leiter!’ gave data on plasma sodium 
concentrations in 16 patients with 
frank congestive failure. The average 
value of 134.7 mEq./L. would appear 
low, according to the usual standards, 
but exceeded the average concentra- 
tion of 132 mEq./L. obtained by the 
same investigators in 13 normal con- 
compensated cardiac pa- 
tients. On the other hand, hypona- 
tremia was found in the majority of 
cases of congestive failure in 3 other 
reports®??-20, 


trols and 
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The major causes of hyponatremia 
in congestive failure were brought out 
by Squires, Singer, Moffitt and Elkin- 
ton*’ in a well documented series of 
54 determinations of plasma sodium 
on 44 patients with predominant right 
heart failure. Because of differences 
in clinical material, their series and 
that in this report are complementary, 
making a comparative analysis informa- 
tive. Ten samples in their series were 
obtained in patients with intrinsic renal 
disease or vomiting, complications 
which, as they recognized, are capable 
of modifying plasma electrolyte con- 
centration independently of the heart. 
Since patients with these complications 
were excluded from our series, those 
10 samples have been disregarded in 
the comparative analysis. The fact that 
all of their patients had predominant 
right heart failure, whereas 17 of ours 
had isolated left heart failure, is prob- 
ably of little concern, because of the 
comparability of the plasma sodium 
levels in these 17 and the remaining 
54 cases of our series. Possible differ- 
ences in the severity of the cardiac 
failure in the 2 series would be of 
greater importance, but cannot be 
evaluated from the data at hand. The 
major difference in the 2 series lies 
in the treatment prior to plasma so- 
dium determination. All patients in the 
Philadelphia series had been receiving 
low sodium diets and 36 of the 44 
samples were obtained after treatment 
with mercurials, whereas few of our 
patients had been restricted in sodium 
intake and only 15 of the 71 had re- 
ceived mercurial diuretics during the 
fortnight preceding the initial deter- 
minations. Squires et al. found normal 
plasma sodium concentrations in 5 of 
their 8 untreated cases of congestive 
failure, hyponatremia in 2, very slight 
elevation in 1, and were quite aware 
that this group was too small to per- 
mit conclusions. On the other hand, 


142 


ISERI ET AL.: 


they found hyponatremia in 20 of their 
36 patients previously treated with 
mercurials, normal levels in only 15 
and very slight elevation in 1, and 
thus clearly demonstrated the fre- 
quency of hyponatremia in edematous 
cardiacs who had received mercurial 
diuretics. The significantly lower 
plasma sodium concentrations in the 
15 patients of our series previously 
treated with mercurials than in the 
56 untreated cases tend to support 
these conclusions. It would thus appear 
that differences in the distribution of 
plasma sodium concentrations in the 
2 series are attributable to differences 
in clinical material. 

Fox, Friedberg and White® deter- 
mined plasma sodium concentrations in 
296 cases of chronic congestive failure 
and found hyponatremia in 19, normal 
levels in 5, and elevation in 2. Their 
data, as yet published only in ab- 
stract form, cannot be analyzed or 
evaluated, because of lack of informa- 
tion on severity, complications and 
prior mercurial therapy. 

Miller’? found a mean serum sodium 
level of 135.2 mEq./L. in 26 patients 
with congestive failure, as compared 
with a normal control value of 139.5 
mEq./L. He stated that most of his 
patients had received digitalis and 
mercurials in the past, but failed to 
present comparative data for the un- 
treated and treated groups. Neverthe- 
less, he interpreted the hyponatremia 
as evidence that cardiac edema results 
from an initial retention of water 
rather than sodium, despite the fact 
that most of his patients exemplified 
therapeutic modifications of congestive 
failure. He supported his conclusion 
by balance data obtained on 8 patients 
during recovery from congestive fail- 
ure, showing a relatively greater ex- 
ternal loss of water than sodium. 
Miller’s balance data confirmed prior 
reports from the Johns Hopkins Hos- 
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pital and from our laboratory'®:'°. Cal- 
culations of fluid and electrolyte par- 
titioning, made in our previous cases 
by the method of Darrow‘, revealed 
that the extracellular compartment lost 
equivalent amounts of sodium and 
water in some and slightly 
disproportionate amounts in others, 
the consistently 
water and gained sodium during com- 
pensation. The cellular changes were 
thus directly responsible for the greater 
external losses of water than sodium. 
The fact that all patients in the 3 
studies!®:1*-'8 lost relatively more water 
than sodium as they became compen- 
sated suggests retention of a propor- 
tionately greater quantity of water 
than sodium during the development 
of congestive failure, but does not 
necessarily imply primary retention of 
water, as postulated by Miller. Our 
study of changes in plasma sodium 
concentration and body weight during 
induction of congestive failure by salt 
supplements and/or ambulation in 4 pa- 
tients with heart disease represents the 
first phase of an attempt to elucidate 
the sequence of metabolic changes 
during the development of cardiac 
edema. The association of a striking 
rise in plasma sodium concentration 
with only a very slight gain in weight 
in patient M. H. was strongly sug- 
gestive of initial sodium retention by 
the kidneys. The rise in plasma sodium 
level and associated weight gain in the 
other 3 patients were consistent with 
initial sodium retention, but could also 
be explained by primary water reten- 
tion accompanied by cellular uptake 
of water and release of sodium. Studies 
of water, sodium, potassium, 


cases, 


whereas cells 


and 


chloride balance during the induction 
failure, 
should aid in 
tion of this problem. 
The fall from high towards normal 
plasma levels of sodium observed in 


which are in 
the clarifica- 


of congestive 
progress, 
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most cases followed during recovery 
from congestive failure represents the 
expected trend in the correction of an 
abnormality. A similar trend of lesser 
magnitude was an incidental finding 
in the study of Briggs et al.*, who re- 
ported a mean plasma sodium con- 
centration of 140.9 mEq./L. in 14 pa- 
tients in congestive failure and a mean 
value of 138.0 mEq./L. in the same pa- 
tients after compensation. 

The plasma sodium concentration in 
patients with congestive failure may 
either of 2 directions; it 
may rise above normal limits, as shown 
by our studies, or it may fall to sub- 
normal levels, generally as a compli- 
cation of mercurial diuretics, but oc- 
casionally in the absence of administra- 
tion of such agents. The elaboration 
of a theory for the development of 
congestive failure, which will account 
for the frequent finding of hyperna- 
tremia and the occasional finding of 
hyponatremia in untreated cases re- 
mains for consideration. 

The magnitude of the elevation of 
plasma sodium concentration in many 
of our cases indicates a significant rise 
in the osmolarity of the extracellular 
fluid. This, in turn, probably reflects 
a rise of osmolarity within the cells, 
since adjustments in extracellular fluid 
must take place in order to maintain 
osmotic equilibrium across the cell 
membrane. This is in accord with the 
hypothesis set forth in a previous com- 
munication from this laboratory’ and 
recently advanced independently by 
Squires, Crosley and Elkinton™?! that 
circulatory insufficiency causes an 
alteration in cellular metabolism mani- 
fested by liberation of base from 
osmotically inactive constituents of the 
protoplasm. A rise in cellular osmo- 
larity would lead to the transfer of 
‘odium and potassium into the extra- 
ellular compartment and _ cellular 
iptake of water, which apparently 


deviate in 
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accompany the development of con- 
gestive heart failure. 

During the period of circulatory in- 
sufficiency when the metabolic needs 
of the cells are not fulfilled, the neces- 
sity of maintaining a high osmotic 
tension in the extracellular fluid equal 
to that in the cells may supply the 
stimulus for renal retention of sodium, 
and the necessity of diluting the 
osmotic constituents of the cells may 
provide the stimulus for the retention 
of water. The stimuli may be extra- 
renal and mediated through either 
humoral® or factors. The 
possible influence of the latter agents 
is suggested by the demonstration of 
increased adrenal corticoids®"® and 
antidiuretic hormones! in the urine of 
patients in congestive failure. On the 
other hand, the mechanism by which 
increased reabsorption of sodium and 
water is accomplished may be intrinsic 
within the renal tubular epithelium and 
referable to cellular changes analogous 
to those postulated for the body as a 
whole. 

Circulatory insufficiency in the car- 
diac patient during exercise would 
presumably cause the postulated rise 
in cellular osmolarity, the transfer of 
sodium and potassium into the extra- 
cellular compartment, the cellular up- 
take of water, and the renal retention 
of sodium and water and loss of potas- 
sium. These changes apparently ac- 
company the development of conges- 
tive failure and would be expected to 
lead to a rise in plasma sodium con- 
centration. Complete recompensation 
during rest would then be accom- 
panied by decrease in cellular osmo- 
larity to normal with osmotic inac- 
tivation of cellular base, cellular uptake 
of sodium and potassium, cellular re- 
lease of water, and excretion of this 
water and the accumulated sodium, 
but with retention of potassium. Under 
these circumstances, plasma sodium 


144 


ISERI ET AL.: 


concentration would return to normal 
and edema would be evacuated. In- 
complete recompensation, on the other 
hand, would leave an elevated cellular 
osmolarity and permit transfer of only 
part of the water out of the cells and 
only part of the lost potassium and 
perhaps sodium back into the cells. 
Evacuation of retained water and 
sodium from the extracellular com- 
partment would also be incomplete, 
resulting in formation of edema with 
persistence of an _ elevated plasma 
concentration. Repeated epi- 
sodes of exercise and rest may gradu- 
ally deplete cellular electrolytes with- 
out the cellular 
water and thus eventually may reduce 
cellular osmolarity below normal with 
consequent lowering of extracellular 
osmolarity by the development of 
hyponatremia. This would be _ espe- 
cially prone to occur with the ad- 
ministration of mercurials or other 
agents that promote the excretion of 
electrolytes or with an inadequate 
dietary intake to replenish cellular 
losses. Reduced cellular osmolarity dur- 
ing rest, accounting for the occasional 
cases with hyponatremia, would not 
preclude the possibility of a rise in 
total cellular osmolarity during exer- 
cise with subsequent retention of sod- 
ium and water and eventual increase 
in edema. 

Summary. Plasma sodium and potas- 
sium concentrations were determined 
in 71 cases of congestive failure un- 
complicated by renal disease or by 
vomiting or diarrhea. Samples were 
drawn soon after admission and _ be- 
fore any mercurial therapy in 56 of 
the patients and were obtained after 
the administration of these agents in 
15 cases. 

The mean values of 149.0 + 7.2 
mEq./L. for sodium and 48 + 0.7 
mEq./L. for potassium in the 71 cases 
of congestive failure were definitely 


sodium 


eliminating 
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higher than the normal means of 142.0 
+ 3.1 mEq./L. and 4.06 + 0.3 mEq./L. 
for the respective cations in a series 
of 73 control subjects. Sodium and po- 
tassium concentrations were slightly 
highér in severe than in moderate to 
mild congestive failure, but were not 
influenced by the type of heart failure, 
as shown by the lack of significant 
differences in the 
predominant en- 
gorgement and edema, cases with iso- 
lated pulmonary edema, and _ cases 
with combined left right heart 
failure. Plasma sodium and potassium 
levels could not be 
blood urea nitrogen, 
abnormalities in electrolyte 
trations are independent of the azo- 
temia that frequently accompanies 
congestive failure. The mean value for 
sodium was distinctly lower in the 15 
patients who had received mercurial 
diuretics than in the 56 untreated pa- 
tients, but no significant differences 
were found in the potassium concen- 
trations of the 2 

Hypernatremia, as indicated by a 
concentration the normal 
mean by more than twice its standard 
deviation, was found in 34 of the 56 
untreated patients, whereas hypona- 
tremia, comprising a comparable devi- 
ation below the normal mean, 
found in 2 patients who had received 
no mercurial diuretics. 

Serial determinations were made 
during recompensation in 26 cases and 
showed a slight fall in plasma potas- 
sium, but a more marked change in 
sodium. In 20 patients with an initiall, 
high sodium level averaging 152.8 
mEq./L., there was a significant fall 


mean values for 


cases of systemic 


and 


with 
that 
concen- 


correlated 
indicating 


groups. 


exceeding 


was 


to a mean of 143.9 mEq./L. whereas 
in the other 6 patients, with an initiall 
normal level, there was a slight ris: 
that kept within the normal range. 
The course of the plasma sodiun 
concentration and body weight wa 
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followed during recovery from cardiac 
decompensation in 6 pat.cats and dur- 
ing a subsequent attempt at induction 
of congestive failure by sodium chlo- 
ride supplements with or without am- 
bulation in 4 of these patients. An 
essentially parallel fall in plasma sod- 
ium level and body weight during 
recovery was observed in 3 patients, 
and maintenance of plasma sodium at 
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gestive of initial retention of sodium; 
in the other 3 patients, it resulted in 
a rise in plasma sodium level and a 
more parallel weight gain, consistent 
with initial retention of sodium, but 
also explainable by primary water re- 
tention, accompanied by cellular uptake 
of water and release of sodium. 

The relatively frequent finding of 
hypernatremia and relatively uncom- 


an abnormally high plateau until all mon finding of hyponatremia in un- 


edema had been evacuated was ob- treated congestive failure and _ the 
served in the other 3 patients. The tendency for plasma sodium concen- 


tration to fall during recovery and to 
rise during induced decompensation 
are discussed in reference to the patho- 
genesis of congestive heart failure. 


attempt at induction of congestive fail- 
ure -in 1 patient led to a marked rise 
in plasma sodium concentration with 
only a slight weight gain, strongly sug- 
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In 1941 Liebow and Feil® reported 
the effects of digitalis upon the electro- 
cardiogram after exercise in normal 
subjects. They found that prolonged 
digitalization of certain normal sub- 
jects produced changes in the ST seg- 
ment and T wave resembling those of 
spontaneous or induced angina pec- 
toris. They suggested that a check 
should be made concerning digitalis 
whenever the 
test is performed. 

The test has become in- 
creasingly popular as an aid in making 
the diagnosis of coronary insufficiency. 
Furthermore, the digitalis glycosides 
are commonly used in the treatment of 
patients with heart disease. Therefore, 
studies are needed to show the effects 
of the digitalis glycosides during and 
following exercise in man. The present 


administration exercise 


exercise 


report summarizes some cardiorespira- 
tory observations and_ electrocardio- 
graphic changes during and after exer- 
cise on 20 normal subjects following 
intravenous digoxin. Similar observa- 
tions are being made in patients with 
heart disease and the results will be 
reported in a subsequent communica- 


tion!4, 


Material and Method. Observations were 
made on 20 normal subjects (19 males and 
1 female) ranging in age from 20 to 52 years. 
Most of them were physicians or medical 
students. The resting blood pressure and 
electrocardiogram were normal in each sub- 
ject. None of the subjects had taken a digi- 
talis preparation at any previous time. 

The performance of the exercise test and 
the respiratory and ventilatory measurements 
were essentially similar to those described in 
previous studies4:5.16, The exercise tests were 
performed under non-basal conditions, and 
the subjects were breathing room air through 
a face mask. The speed and grade of the 
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treadmill fixed at 1.73 and 
10%, respectively. 

A CB lead was used'6.17 for recording the 
electrocardiogram. The heart rate 
tained by means of an electronic counter 
which is activated by the QRS complex. The 


cycle length and the QT interval were meas- 


ergometer were 


was ob- 


ured in at least 2 consecutive complexes in 
each tracing. The TQ interval is the differ- 
ence between the corresponding cycle length 
and the QT interval. The QT interval cor- 
rected for heart rate (QTc) is derived from the 
modified Bazett’s The amplitude 
of 3 or more consecutive T waves was meas- 
ured in lead CB, or CB.. The 
amplitude of an equal number of high and 
low T waves was recorded whenever marked 
respiratory 


formulals, 


average 


variation in the complexes oc- 


curred 


All the data have been treated statistically 


for comparison. 


Results. The average value of cer- 
tain cardiorespiratory determinants 
during rest, exercise and recovery, be- 
fore and after digoxin are presented in 
Table 1. No statistically significant dif- 
ference was found in ventilation, respi- 
ratory efficiency, oxygen consumption, 
or blood pressure in any of the 3 pe- 
riods of the test. The oxygen transport 
increased slightly after digoxin in most 
subjects, but the difference is not sig- 


‘nificant in such a small series of obser- 


vations. There was no change in the 


TABLE 2. THE AVERAGE HEART RATE, QT/TQ, QTc INTERVAL AND AMPLITUDE 
OF THE T WAVES DURING THE EXERCISE TEST BEFORE AND AFTER DIGOXIN 
Before Digoxin After Digoxin : 

Rest Exercise Recovery Rest Exercise Recovery S. E.*** 
Heart Rate/min. 80e* 115° 8s? 64 107 78 9.42 
QT, Al 43 40 AO 42 10 0.005 
QT/TQ 92° 1.44 95 .74 1.82 84 0.48 
T Wave (mm 1.5 3.2°° ig 3.5 1.6 2.9 0.35 


* The differences before and after digoxin are significant at the 5% level using “Student” t-test 
** The differences before and after digoxin are significant at the 1% level using “Student 


t-test 


The test is divided into 3 periods a.) rest- 
ing, 5 minutes; b.) exercise, 10 minutes: c.) 
10 minutes. Simultaneous and con- 


and 


recovery, 
tinuous recording of various circulatory 
respiratory determinants and the chest elec- 
trocardiogram were made minute by minute 
throughout the test 

Each 
before 


proximately 


exercise test 
receiving digoxin. Ap- 
15 minutes following the control 
test. 0.9-1.5 mg. of digoxin (0.15 mg. per 
10 kg. of body weight), diluted to 20 to 30 
ec. with physiologic saline, was injected intra- 
over a period of 5 minutes. The 
exercise test was repeated under identical con- 


performed an 
intravenous 


subject 


venously 


ditions approximately 1 hour and 30 minutes 
ifter the digoxin administration. The explor- 
ing and indifferent electrodes were placed in 
the positions they occupied during the con- 
trol exercise test. 

The entire procedure was repeated with- 
out digoxin on other days in 5 of these sub- 
jects. 


Standard error of the mean difference. 


mean value of the oxygen debt. 

The average heart rate, OT/TQ, QTc 
interval and amplitude of the T waves 
before, during, and after exercise are 
summarized in Table 2. 

The heart rate was slower in 18 of 
the 20 subjects in the 3 periods of the 
exercise test after the digoxin adminis 
tration and it remained unchanged in 
the remaining 2 subjects. There is a 
significant difference between the 
mean heart rate before and_ after 
digoxin for the whole group. Althoug! 
the mean QT/TOQ is slightly lowe: 
after digoxin, the difference is no 
significant except at rest. There is nm 
significant difference between th 


mean QTc interval before and _ afte 
digoxin in any of the 3 periods of th 


— 
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exercise test. The mean amplitude of 
the T wave was lower in 17 subjects 
and 3 after digoxin. 
a significant difference be- 
tween mean values during exercise and 
recovery before and after digoxin. 
No. significant changes in the ST 
segment were observed in any subject 
during the 3 periods of the exercise 
test before digoxin and during the pe- 
riod of rest after digoxin. There was 
no deviation of the ST segment in 
the electrocardiogram after 
digoxin in 15 of the 20 subjects. Fig- 


ure 1 shows 2 


unchanged in 
There is 


exercise 


sets of exercise 
electrocardiograms in a normal sub- 
ject before and after digoxin. Five sub- 


such 
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jects showed ST depression of more 
than 1 mm. during exercise and early 
recovery after digoxin (Figures 2 and 
3). Each had a normal electrocardio- 
gram throughout the control exercise 
test before digoxin was injected. The 
T waves became diphasic or slightly 
inverted in 3 and very low in the re- 
maining 2 subjects. One of these 5 
subjects showed 2 ventricular prema- 
ture beats in bigeminy immediately 
after exercise (Figure 4). Diphasic or 
flat T waves during exercise and early 
recovery occurred in 2 other normal 
subjects. These 7 subjects do not differ 
significantly from the remaining 13 in 
any of the cardiorespiratory determi- 


BEFORE AFTER 
DIGOXIN 
REST 
2ND MINUTE | 
= | 
4TH MINUTE | 
EXERCISE | | | 
| 
1OTH MINUTE | | 
RECOVERY 
2ND MINUTE ! | 
| 
9TH MINUTE | 
AAA] 


l. Exercise electrocardiogram before and after digoxin in a normal subject who showed 
no abnormalities in the tracings throughout the test. 


Fic. 2. 
digoxin. Note the diphasic T 


BEFORE DIGOXIN 


AFTER DIGOXIN 


RESTING 


EXERCISE | | | 
5TH MIN, 
RECOVERY 
8 TH MIN 


Che subject showed a normal electrocardiographic response in the 


wave during exercise and the dep 
exercise and early recovery after digoxin. 


d SI 


BEFORE DIGOXIN 


AFTER DIGOXIN 


RESTING 


EXERCISE 
| | | | | 
| 
MIN 


exercise test before 


segment during 


Fic. 3. This subject showed the same changes as those described in Fig. 2. 
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Fic. 4. The electrocardiographic changes during and after exercise in this subject were essen- 
tially normal before digoxin. Following digoxin administration the ST segment was depressed 
during exercise and 2 ventricular premature beats in bigeminy were recorded immediately after 
exercise. Note that the U wave became more distinct during exercise after than before digoxin. 


nants during exercise. Abnormalities of 
the ST segment and the T wave re- 
turned to normal in each instance after 
the 6th minute of recovery. 


We did not encounter significant 
hanges in the PR interval or the QRS 
omplex. No subject showed a high T 
vave during exercise. 

Exercise tests were performed on 5 
{ these normal subjects before and 
fter a resting period of approximately 

hour and 30 minutes. Digoxin was 

‘t administered in this group. There 
ere no significant changes in the 
idiorespiratory determinants or in the 
ectrocardiogram. 


Discussion. A therapeutic dose of in- 
travenous digoxin produced slowing of 
the heart rate and reduction of the 
height of the T wave during the exer- 
cise test. Our observations confirm the 
reports of Liebow and Feil® that ab- 
normal changes in the exercise electro- 
cardiogram may develop in a certain 
proportion of normal subjects who 
have received a therapeutic dose of a 
digitalis preparation. Distinct electro- 
cardiographic abnormalities during and 
after exercise were observed in 7 of 
the 20 subjects studied within 2 hours 
after completion of the injection. These 
abnormalities are most marked during 
exercise and simulate those’ observed 


in patients with coronary insufficiency 
after they have performed the standard 
exercise test. 

Electrocardiographic changes in man 
following prolonged digitalis adminis- 
tration have been described in detail 
by many investigators®°. Sanberg, 
et al.'* using esophageal leads have 
studied electrocardiographic 
changes and demonstrated that the ac- 
tion of digitalis on the human heart is 
predominantly in the subendocardial 
myocardium. 

It has been shown by the technique 
of coronary sinus catheterization! that 
digitalis glycosides given to normal sub- 


these 


jects over a period of 1 to 2 hours may 
reduce the the myo- 
cardium. It is possible that the myo- 
cardial function may be more 
impaired during exercise in some nor- 


efficiency of 
even 


mal individuals who have been digi- 
talized. 

The problem probably will be nearer 
solution as studies of the energy metab- 
olism of heart muscle yield more in- 
formation®:"'. It is likely that the ad- 
ministration of digitalis glycosides ac- 
tually interferes with myocardial me- 
tabolism (during exercise) in normal 
subjects. Liebow and Fiel® suggested 
that abnormalities in the exercise elec- 
trocardiogram of normal subjects who 
have been digitalized may be due to 
inadequate oxygen supply to the myo- 
cardium. Our results indicate that the 7 
subjects with electrocardiographic ab- 
normalities showed no significant dif- 
ference in oxygen consumption during 
exercise or recovery before and after 
digoxin. It is not certain whether the 
electrocardiographic abnormalities in- 
dicate myocardial ischemia as postu- 
lated by Liebow and Fiel or whether 
they reflect an undefined effect of 
digitalis preparations on oxygen ex- 


traction and utilization by the myo- 
cardium. 
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Recent studies of hemodynamic ef- 
fects of digoxin in patients with and 
without heart failure by Harvey and 


associates from Cournand’s — labora- 
toy®".7 have clearly demonstrated that 
the reaction of patients with failing 
hearts to acute digitalization is dis- 
tinctly different from that observed in 
patients with normal or compensated 
hearts. Following acute digitalization 
patients heart failure usually 


showed a decrease in the right ventric- 


with 


ular and pulmonary artery pressures 
and a definite increase in the cardiac 
output. On the other hand, 
had no effect on the right ventricular 


and pulmonary artery pressures in the 


digoxin 


absence of heart failure or in normal 


these the cardiac 


subjects. In cases 
output decreased or remained un- 
changed. Furthermore, Bing et al.’ 


have shown that the efficiency of the 
heart in patients with cardiac failure 
is definitely greater after digitaliza- 
tion. It has been assumed that digitalis 
glycosides actually improve 
liberation and mechanical contraction 
of the failing myocardium’. 

Our preliminary 
cardiorespiratory responses and electro- 


energy 


observations of 


cardiographic changes before and after 
digoxin in several patients with heart 
failure suggest that their response is 
different from that of normal subjects 
A larger number of must be 
studied, however, 
can be drawn. 
Summary and Conclusion. 1. This re- 


cases 


before conclusions 


port summarizes some of the cardio- 
effects the electro- 
cardiographic changes during exercise 


respiratory and 
performance before and within 2 hours 
after intravenous digoxin injection in 
20 normal subjects. 

2. There is no statistically significant 
difference during the exercise test be 
fore and after digoxin in any of th 
ventilation 


following determinants: 


CARDIORESPIRATORY 


respiratory efficiency, oxygen trans- 
port, blood pressure, and oxygen debt. 

3. The heart rate is slower and the 
amplitude of the T waves lower after 
than before digoxin. There is no signi- 
ficant difference in the QT/TQ or the 
QTc interval. 

t. In contrast to the control exercise 
test, definite electrocardiographic ab- 
normalities during and after exercise 
occurred after digoxin in 7 of the 20 
subjects. These changes simulated those 
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of coronary insufficiency, namely, ST 
depression, diphasic or flat T waves, 
and occasional ventricular premature 
beats. 

5. The mechanism of the production 
of the electrocardiographic abnormali- 
ties is not established. The possibility 
of a disturbance in the energy metabo- 
lism of the myocardium including oxy- 
gen extraction and utilization following 
digoxin administration and_ exertion 
has been mentioned. 


ACKNOWLEDGEMENT 


The authors are indebted to Dr. S. Lee Crump, Assistant Professor of Radiation Biology 
ind Scientist (Statistics), Atomic Energy Project, University of Rochester School of Medicine 
and Dentistry for his help and criticisms on the statistical aspects of this study. They also 
wish to express their appreciation to Miss Carol Gouverneur and Mr. John Vernarelli for 
technical assistance and to Miss Julia Nichols for preparing the manuscript. 


REFERENCES 


1. Bing, R. J., Hammond, M. M., Handelsman, J. C., Powers, S. R., Spencer, F. C., Ecken- 
hoff, J. E., Goodale, W. T., Hafkenschiel, J. H., and Kety, S. S.: Am. Heart J., 38, 1, 1949. 

2. Bing, R. J., and Daley, R.: Am. J. Med., 10, 711, 1951. 

3. Biorck, G.: Scandinav. J. Clin. & Lab. Invest., 2, 242, 1950. 
1. Bruce, R. A., Lovejoy, F. W., Jr., Pearson, R., Yu, P. N. G., Brothers, G. B., and Velas- 
quez, T.: J. Clin. Investigation, 28, 1423, 1949. 

5. Ferrer, M. L, Harvey, R. M., Catheart, R. T., Webster, C. A., Richards, D. W., Jr., and 
Cournand, A.: Circulation, 1, 161, 1950. 

6. Harvey, R. M., Ferrer, M. I., Cathcart, R. T., Richards, D. W., Jr., and Cournand, A.: 
Am. J. Med., 7, 439, 1949. 

7. Harvey, R. M., Ferrer, M. I. Catheart, R. I., and Alexander, J. K.: Circulation, 4, 366, 
1951. 

8. Larsen, R., Neukirch, F., and Nielson, N. A.: Am. Heart J., 13, 163, 1937. 

9. Liebow, I. M., and Feil, H.: Am. Heart J., 22, 689, 1941. 

10. (a) MeMillan, T. M., and Bellet, S.: The effects of digitalis on the electrocardiogram. 
Cyclopedia of Medicine, 3, 465, Philadelphia, F. A. Davis Co., 1932. (b) McMillan, T. M., 
nd Bellet, S.: Effect of digitalis on the electrocardiogram. In Stroud’s Diagnosis and Treat- 
ment of Cardiovascular Disease, 1, 636, Philadelphia, F. A. Davis Co., 1950. 


11. Olson, R. E., and Schwartz, W. B.: Medicine, 30, 21, 1951. 

12. Sandberg, A. A., Scherlis, L., Grishman, A., and Wener, J.: Circulation, 2, 921, 1950. 

13. Taran, L. M., and Szilagyi, N.: Am. Heart J., 33, 14, 1947. 

14. To be reported. 

15. Yu, P. N. G., Bruce, R. A., Lovejoy, F. W., Jr., McDowell, M. E.: Circulation, 3, 368, 
951. 

16. Yu, P. N. G., Bruce, R. A., Lovejoy, F. W., Jr., and Pearson, R.: J. Clin. Investigation, 


279, 1950. 
17. Yu, P. N. G., and Soffer, A.: Studies of electrocardiographic changes during exercise 
Modified double two-step test), Circulation, in press. 


LEUKEMIA AND OTHER MALIGNANCIES 


IN PHYSICIANS 


By SicismMuUND PELLER, M.D. 
AND 
Pau. Picx, M.D. 
NEW YORK, NEW YORK 


LEUKEMIA is said to occur about 8 
to 9 often as a cause of 
death in radiologists as in other phy- 
sicians**-**.7, The ratio of this disease 
is also high in dermatologists. This 
excess in leukemia has been associated 
with to . radiation 


energy. 


times as 


strong exposure 

Several questions now arise: 1) Are 
the consequences of exposure limited 
to the 2 groups of specialists, that is, 


gard to the duration of the latency 
period and the primarily affected 
organ? and 5) what measures should 
be taken to the danger of 
leukemia in physicians? 

To answer these questions, we ana- 
lyzed the causes of deaths of all phy- 


diminish 


sicians whose necrologies appeared in 
the Journal of the American Medical 
Association during five years, between 


January 1, 1947 and December 31, 


TABLE 1. 


Deaths of physicians, 1947-1951, with known cause of deaths 


Age in 
years all 
-29 95 
30-34 27 
35-39 199 
40-44 440 
45-54 1,084 
55-64 2,182 
65-74 3,803 
75-84 2.896 
85-. . 755 
all 11,48] 


to less than 1.5% of the medical pro- 
fession, or do they extend also to 
general practitioners and _ internists? 
2) How rapidly does exposure to 
Roentgen-rays and radium augment the 
incidence of leukemia? 3) What re- 
percussions does this exposure have in 
systems other than the hemopoietic? 
4) Do the effects of radiation energy 
in the medical profession differ from 
those in other professions, and, if so, 
how to explain the diversity with re- 


other 
leukemia malignancies 


- 


4 1] 

5 17 
10 36 
12 130 
26 261 
3 517 
21 384 
4 63 
183 1,426 


i951.° For comparison we used the 
official annual report on deaths in the 
United States, 1948". In the 5 years 
1947 to ‘51, a total of 14,516 physician 
were reported dead, but the cause of 
death disclosed in 11,48] 
cases (79.2%). In our calculations w« 
shall disregard the other 3,035 death 
which scattered throughout th 
whole age scale.+ and we will 
ourselves to the 11,481 physicians « 


Table 1. 


was only 


are 
lim 


* In a note to the correspondence column of the Journal of The American Medical Associ 


10 


tion, we!9 gave some preliminary results. 


+ According to the age groups of Table 1: 


respectively. 
154) 


29, 49, 67, 84, 


281. 514, 909. 785. and 31 
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Leukemia 
death 133 times ( 
malignancies 1,426 times (12.4%). 


ing a total of 13.5% 


as 
2%), 


a cause of 
and all other 
mak- 
of all 11,481 deaths. 
Leukemia is found in every age group, 
from the youngest to the oldest. Of all 
fatal malignancies among physicians, 
8.5% are leukemias as compared with 
in white males. 


appears 


DA 
In physicians, the ratio of leukemia 
to all diminishes with 
rising In the order of the age 
groups of Table 1, the ratios are 50.02 
13.3, 26.7, 26.1, 21.8, 8.5, 9.1, 7.7, 


2, and 6.0%, as compared with 18.6, 


malignancies 


age. 
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6.5% died of leukemia, as compared 
with 12.8+-0.6 for all white male can- 
cer victims; the difference is statisti- 
cally significant. 

In physicians, the proportion of leu- 
kemia to all 11,481 deaths is 1.2 
while in all white males over 25 it is 
0.52+0.01%. For the single age groups, 
from the youngest (25 to 29) to the 
highest (85+), the ratios of leukemia 
to all deaths are much higher in phy- 
sicians than in all white males (Table 
9 ) 


The situation regarding non-leu- 
kemic cancers is entirely different. The 


TABLE 2. 


Percentage of leukemia of 


all deaths in (a) Physicians and (b) all white males 


Age at All white 
death Physicians males 
4 
95- 7.3 1.3 
30- 3.1 1.1 
35- 3.4 0.9 
10) 2.3 0.75 
15- 1.1 0.65 
55- 1.2 0.63 
65 0.50 
75- 32 
§5- 0.6 0.10 
rude rat for all age groups 1.2 0.52 
3.3, 9.9. 5.7, 4.4, 3.7, 3.0, 2.4, and 1.3 _ ratios of cancer, exclusive of leukemia, 


n white males of the general popula- 


on. In all age groups the ratio of 
ukemia to all malignancies is 2 to 3 


times higher in physicians than in the: 


vhite male population. In the young- 
st group (25 to 29 years), the ratio is 
jual to that encountered in children 
pre-school age.* In 30 to 34-, 35 to 
-, and 40 to 44-year old physicians, 
ukemia ratios are increased to a level 
iracteristic of the age of 15 to 24 
ars. Of those physicians who suc- 
mbed to a malignancy during the 
st 15 years of professional work, that 
at the age of 25 to 39 vears, 3.7 


to all deaths are low in physicians who 
died within the ages of 35 to 74 years. 
For the 40 to 74-year old physicians 
the ratio of non-leukemic cancers was 
12.6+0.4%, and for all white males of 
corresponding age 15.6+0.05%. In the 
age groups 25-34 the ratios of non- 
leukemic cancer to all deaths are 
slightly higher than in white males. 

Calculating for each age group the 
proportion of all malignancies, inclu- 
sive of leukemia, to all deaths, we find 
an interesting pattern. At the begin- 
ning of the age scale the ratio for 
physicians is more than twice that for 


In all white males, in 1948, the percentages of leukemia dropped from 54 in infancy, 


16, 47, 43, 


35, and to 22% at the age of 20 to 24. 
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all white males (14.7 versus 6.9%), but 
the difference is statistically insignifi- 
cant. This excess diminishes gradually 
in the 30's, vanishes around the age 
of 40, and turns into the opposite direc- 
tion, that is, into a substantial deficit 
in each of the 4 age groups between 
40 and 74 years, with the largest deficit 
at 55 to 64 years (13.2+0.7 versus 
17.3+0.1%). After the age of 75, phy- 
sicians have slightly higher malignancy 
ratios than white males. Whether the 
excess in the aged physicians is true, 
or due to faulty recording in the gen- 


OTHER 


MALIGNANCIES IN PHYSICIANS 


mortality of all white males was in 
1948 (2,019 versus 1,654 per 100,000). 
However, two-thirds of that difference 
are accounted for by the age distribu- 
tion. Given the age structure of phy- 
sitians of 1940, white males (1948) 
would have a standardized mortality 
of 1,870 per 100,000, and the difference 
in disfavor of physicians thus shrinks 
from 368 to 149 per 100,000. Because 
of the diminished mortality in the 
1940’s the difference is even smaller 
than that, probably around 100, that is, 
about of total Such 


age 


5% mortality. a 


eral population, can not be stated difference may be completely ignored 
(Table 3). when ratios of leukemia and other can- 
TABLE 3. 
Percentage of non-leukemic cancers and of all cancers to all deaths in Physicians 
and in all white males 
All non-leukemic cancers All malignancies 

Age at All white All white 

death Physicians males Physician males 
O5. 7.4 5.6 14.7 6.9 
s0- 8.7 7.4 11.8 8.5 
35- 8.1 8.4 Lis 9.3 
4()- 8.2 12.4 10.5 13.1] 
15- 12.0 13.9 3.1 14.6 
55- 12.0 16.7 13.2 ye 
65 13.6 16.0 14.7 16.5 
75- 13.2 13.1 14.0 13.4 
85- 8.3 8.1 8.9 §.2 
crate mio for all 12.4 14.1 13.5 14.6 
age groups 


Provided the total mortality of phy- 
sicians deviates but little from that 
of all white males, the low ratios of 
cancer in physicians who died at 40 
to 74 indicate low cancer mortality 
rates. Not knowing the total number 
nor the age distribution of the pro- 


fession in 1947 to 1951, we sought 
orientation in Dublin and Spiegel- 
man’s* paper (1948) covering the 


American physicians of 1938 to 1942 
for the age of 35 to 74 years. In these 
years the crude total mortality of 35 
to 74-year old physicians was much 
higher than the corresponding crude 


cers are used for the estimate of rates 
In the age group 35 to 74, of all phy 
sicians with known cause of death i 
1947 to 1951, 1.26% died of leukemi 
and 12.46% from all other cancet 
Hence, leukemia mortality amounted 
roughly to 2,019 x 1.26 / 100 = 25.4 
4.0 per 100,000, and mortality from ail 
other malignancies to 252.4 per 100 
000, giving a total cancer mortality 
277.8 per 100,000 physicians of 35 | 
74 years of age. The corresponding a 
adjusted rates for all white males 
1948 were: 10.9+0.2 + 285.9 — 2968 
per 100,000. The almost 2.5 times i 
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creased mortality from leukemia in 
physicians of the 35 to 74 age group 
does not show up in the total cancer 
mortality which is even (though in- 
significantly ) below that of all white 
males. 

The 12% deficit in the sum total of 
non-leukemic malignancies is of inter- 
est. Unfortunately, in 268 of the 1,426 
deaths from malignancy (1947 to 
1951) the organ of tumor origin is not 
stated. It cannot be said, therefore, to 
what degree each of the organs par- 
ticipated in the deficit of the non- 
leukemic cancers. 

In 1948, in white males 35 to 74 
years of age, 0.6% of all deaths were 
due to leukemia; in the total of phy- 
sicians (1947 to 1951) the correspond- 
ing value was 1.259, and in the sector 
of radiologists plus dermatologists 
(1938 to 1942), according to Dublin 
and Spiegelman*, 4.5%. Since among 
100 physicians who died at the age of 
35 to 74 years, 1.25 were radiologists 
or dermatologists, 4.5 x 1.25 / 100 = 
0.056 gives the number of leukemias 
in these two specialties per 100 dead 
Subtracting 0.056 from 
1.259, which is the figure for leukemia 
fatalities among 100 physicians who 
died at 35 to 74 years of age, we get 
1.203+0.031 leukemias per 100 physi- 
cians who were neither radiologists nor 
dermatologists. The value 1.2 implies 
that the leukemia risk of all 35 to 79- 
ear old physicians outside of these 
two specialties is twice normal. 

Not all physicians work fluoroscopic- 
lly or roentgenologically. The leu- 
emia risk of those who do work is 
herefore much more than about twice 
ormal. Furthermore, during the last 
0 years the Roentgen-ray risk per 100 

idiologists hardly increased; it rather 

minished or remained stable, while 
tie Roentgen-ray risk per 100 general 
practitioners and diagnosticians in- 


physicians. 
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creased. A higher percentage of phy- 
sicians was using fluoroscopy in 1947 
to 1951 than in 1938 to 1942. The 
difference in the leukemia risk as found 
between radiologists and non-radiolo- 
gists in former surveys is therefore 
diminishing. 

Comment. In physicians Roentgen- 
ray and radium cause leukemia and 
epitheliomas. Dial painters and radium 
miners suffered other effects. In these 
2 groups, radium failed to produce 
leukemias or epitheliomas. The painters 
had a tremendously increased fre- 
quency of bone sarcomas and _ the 
miners a 25 to 29 times increased inci- 
dence of lung cancers. 

As was said above, physicians have 
an excess mortality from leukemia in 
all age groups, including that of 25 to 
29 years. Evidently, the minimum 
latency period of induced leukemias 
is but a few years. This seems sur- 
prising, as the first paper on this sub- 
ject, by von Jagic, Schwarz and von 
Siebenrock®, was published not earlier 
than 1911. Most probably at that time 
the number of exposed was too small, 
and even if single cases occurred 
earlier, they were not recognized. Also, 
the first mutilating skin epitheliomas 
of the roentgenologists had a_ short 
latency period (the first report was 
published in 1902), but as a rule it was 
longer. 

In radium induced bone sarcomas 
of the dial painters in New Jersey, the 
first recognized case died 6% years fol- 
lowing initial exposure*. But the aver- 
age and maximum latency period of 
the radium-induced bone malignancies 
is much longer. The 41st victim of this 
disease, engaged in dial painting in 
1917, died not earlier than in 1951. 
Up to that time, of the approximately 
800 persons engaged in dial painting 
in New Jersey, not more than 30 per- 


* The first 5 fatalities, unrecognized as to etiology, occurred 4 to 5 years after exposure. 


e persons died of bone necrosis and severe anemia. 
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sons should have died of cancer of all 
forms, including leukemia. 

and radium-induced lung 
the mine workers of 
(and probably also in 
Schneeberg) have a minimum latency 
period of not less than 15 to 17 years, 
with a range up to about 40 years. 
Obviously, the duration of 
in radiation-induced malignancies de- 


Radon- 
cancers in 
Joachimsthal 


latency 


pends on the intensity of exposure, on 


the route taken by the rays or radio-. 


active substance, the speed with which 
the latter are eliminated, the degree of 
the individual's cancer disposition, and 
the ability of the respective tissue to 
grow and multiply. 

working roentgeno- 
scopically, the Roentgen-rays hit the 
unprotected flat bones of the upper 
part of the sternum, ribs, clavicles, 
spine, jaw and skull, penetrating the 
thin compacta and inducing neoplastic 
growth in the hemopoietic centers of 


In physicians 


the spongiosa. If Roentgen-ray expo- 
sure is frequent, the invisible damage 
quickly 
on the degree of the individual’s gen- 


accumulates and, depending 


eral cancer disposition, leads more or 
less rapidly to leukemia. On the way 
to and through the bones the Roent- 
gen-rays also hit many other tissues 
and organs, but the latter apparently 
do not show any excess in cancer inci- 
dence; they participate in the cancer 
deficit. 

In dial painters, the radium salt re- 
the anterior part of the 
until it was swallowed. Small 
parts of the radium salt probably were 
never removed from the sub- and peri- 
lingual region of the mouth 
and therefore caused local inflamma- 
tion of the osteitis and 
bone necrosis. Most of the radium salt. 
however, was swallowed and passed 
the digestive wall somewhere to be 
transported by the blood and deposited 


mained in 
mouth 


mucosa 


soft tissues, 
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phosphate in the bones, 
predominantly in the compacta.® The 
radius of the alpha particles is small, 
and also that of the beta rays may not 


be much larger, because of the shield- 


as radium 


ing action of the bone calcium. Thus 
the radium acted only in the 
vicinity of the deposits. The amount 
the 
much larger than in that part of the 
spongiosa which in adults contains red 


close 


of radium in compacta was so 


marrow, that many bone sarcomas but 
Between 
15 and 24% of the ingested radium was 
transported to othe 


no leukemias were created. 
but re- 
a time to do 


organs, 
mained there too short 
them harm. The pertinent question is 
whether and why there was a cance1 
deficit in these organs. 

In radium miners a large part of 
the inhaled substance is daily exhaled. 
The response therefore is slow and the 
final 


period is a 25 to 29 times increased 


outcome after a long latency 
frequency ot bronchogenic carcinoma. 
Neither in the bone compacta nor in 
the spongiosa was there enough radio 
active substance to interfere with the 
late development of lung malignancies 
However, in radium miners lung can 
cers interfered with the development 
of cancers in all other organs, causing 
a substantial deficit in primary tumors 
of these organs. This deficit is exempli 
fying the rule of inverse associatio1 
(Peller®*). 

The comparison of the 3 groups ( 
people exposed to 
that 
radiation-induced 


Roentgen-rays 
the site of th 
primary 


radium shows 
neoplas: 
and its histological and clinical cha 
acteristics are not determined by di 
position, but by 1) the route taken | 
the carcinogenic agent, 2) the pen 
trating power and action radius of t! 
the 
the natural or 


rays and 3) chemical compo 


tion of artificial radi 


* From 10 to 180 micrograms, or 66 to 85% of the whole daily ingested radium, w 


deposited in the bones. 
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active substances: 
pound. 

We believe that it is the populariza- 
tion of the fluoroscopic examination 
which accounts for the increase in leu- 
kemia from 0.51% (March*?) 
0.53% (Henshaw and Hawkins‘), and 
6.65% (Dublin and Spiegelman**) to 
1.20% in our survey. In the near future 
the ratio of leukemia is likely to rise 
still more among general practitioners 
and diagnosticians, unless proper pro- 
tective will be devised. The 
protection afforded by the common use 
of apron and gloves is not satisfac- 
tory. New such as the lead- 
glass-fabric gown described by Archer 
et al. diminish the danger of 
Roentgen-rays to arms and legs, but 
decisive, gown 
leaves unprotected the upper parts of 
the thorax, neck and head, which, in 
our opinion, are the first line of at- 
tack that leads to the excess of leu- 
kemia in physicians. Therefore an ad- 
ditional protective hood is necessary. 

Summary and Conclusions. 1) Phy- 
sicians have an increased and further 
increasing risk of developing leukemia. 
This risk is not limited to radiologists 
and dermatologists, but is shared by 
the large body of physicians many of 
whom routinely use fluoroscopy. 

2) The increased mortality from leu- 
kemia is already apparent in the age 
group 25 to 29 years, and is about 
three times normal in all age groups. 

3) In physicians almost 9% of all 


pure Or a com- 


ratios 


measure 


designs, 
may 


this is not as such a 
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fatal malignancies appear as leukemia. 

4) In the age group 25 to 34, phy- 
sicians also have an increased mor- 
tality from cancers other than leu- 
kemia, whereas the risk of dying from 
non-leukemic malignancies in the 
group 40 to 74 is diminished. 

The minimum latency period of 
Roentgen-ray and radium cancers, 
whether leukemia or other malignan- 
cies, is shorter than 5 years of ex- 
posure; when radium or radon enters 
the body by inhalation, the minimum 
latency is 4 to 5 times as long, but the 
excess incidence of cancer in the organ 
of main deposition, the lung, is never- 
theless tremendous. 

6) As in other examples of addi- 
tional exposure, it is the carcino-rele- 
vant agent in question and the route 
by which it enters the body which de- 
termine the spot of origin of the addi- 
tional tumors, influence the time of 
their appearance and change the dis- 
tribution of cancers by site in the 
whole sample, not only by augment- 
ing the number of tumors of a certain 
organ, but also by creating indirectly 
a tumor deficit in organs not affected 
by the agent in question. The organ 
of tumor manifestation is independent 
of any hypothetic organ disposition. 
The duration of the latency period is 
influenced by the degree of the bodily 
cancer disposition, by the growth po- 
tentialities of the exposed organ or 
tissue and by the concentration of the 
carcinogenic agent. 
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DERMATOMYOSITIS AND MALIGNANT NEOPLASM?® 


By E. Corre, M.D. 


ASSISTANT CHIEF OF 


(From the Veterans Administration Hospital, Portland 


SPECULATION the etio- 
logic factors involved in the production 
of the collagen diseases has covered 
many fields. The current popular the- 
ory concerns the state of hypersensi- 
tivity in which there is considered to 
be a specific reaction of mesenchymal 
tissue, particularly collagen material, 
to various 


concerning 


antigenic sensitizing 
Pagel® has pointed out 
the resemblance of the basic pathology 
of the collagen diseases and anaphy- 
lactic type of allergy. He suggests 
that the sensitizing agent may be a 
foreign or modified serum. an abnor- 
mal protein or a bacterial antigen. In 


agents”! 


a recent review of the literature. 
Brunner and Lobriaco? collected 17 
cases and added 1 of their own of 


dermatomyositis associated with ma- 
lignant neoplasms. They suegest that 
the antigenic stimulus might be pro- 
vided by products of tumor growth or 
breakdown. The symptoms of derma- 
tomyositis in 4 of these cases!?:* im- 
proved with treatment of the neoplasm 
and recurred with exacerbation of the 
tumor. 

The present report concerns 2 cases 
of dermatomyositis with malignancy 
in which the initial complaints were 
due to the dermatomyositis. 


Case Reports. Case 1. A 50-year old white 
male was first admitted to the hospital on 
February 23, 1949, complaining of hoarse- 
ness, difficulty in swallowing and an erythe- 
matous rash on his face, neck, scalp and 
hands. His symptoms began insidiously about 
January 1, 1949. He had no gastrointestinal 
symptoms 
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Examination on his first admission revealed 
a well developed and well nourished white 
male. There was a mild erythematous scaling 
rash involving the head, neck and dorsum of 
the hands. The mouth and throat appeared 
normal. Direct laryngoscopy revealed mod 
erate redness and edema of the arytenoids and 
thickening the 
cords. A biopsy of the right vocal cord re- 


some and redness of Vor al 


vealed mild ulceration and thinning of the 
stratified squamous epithelium. The path- 
ologic report stated, “the supporting tissue 


collagenous connective 
infiltrated 
granulocytes, and there is also fibrous prolifer- 
ation. The etiologic agent is not determined.” 
Roentgenograms of the pharynx and 
the valleculae to fill 


usually well with barium and to retain it for 


is comprised of dens« 


tissue which is irregularly with 


eso- 


phagus revealed un- 
some time. The esophagus appeared normal 
It was felt that the patient’s symptoms were 
part of a generalized vitamin deficiency, and 
accordingly he was discharged on March 7 on 
a high vitamin diet and was given supple- 
tablets 


occupation as a 


mental multi-vitamin 

He returned to his 
carrier for 3 weeks but soon noted the onset 
of pain, soreness and weakness of the muscles 
of the shoulder girdle 


symptoms rapidly increased in severity, and 


mail 


irms and thighs. These 


for the 3 weeks prior to his last hospitaliza- 


tion he was forced to remain in bed. He had 
no gastrointestinal symptoms other than 
dysphagia. 

His last admission was on April 22, 1949 


at which time examination revealed an acutely 
ill and uncomfortable white male. The erythe 
matous rash was more severe, and there was 
periorbital edema. The blood 
120/65, the pulse was 84, and the temper 
ature was 99.4°F. The apical impulse was it 
the fifth interspace, 2.0 cm. left of the mid 
clavicular line. The heart tones were of poor 


pressure Was 


quality, and extrasystoles were noted. Th 
abdomen was flat, but the liver was not felt 
Marked tendet 
the paraspinal an 


and no masses were noted. 


ness and weakness of 


* Reviewed in the Veterans Administration and published with the approval of the Chi 
Medical Director. The statements and conclusions published by the author are the result of hi 
own study and do not necessarily reflect the opinion or policy of the Veterans Administratior 
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shoulder girdle muscles were present. The 
overlying skin was warm, firm and edematous. 
Deep tendon reflexes were present but 


diminished. 

Laboratory studies were as follows: Sero- 
logic test for syphilis was negative. The 
erythrocyte count was 3,880,000, the hemo- 
globin 12.0 gm. The white blood cell count 


was 10,050 and the differential count re- 
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vealed 67% polymorphonuclear neutrophils, 
32% lymphocytes, and 1% eosinophils. The 
uncorrected rate was 33.0 
mm/hr. (Wintrobe). Urinalysis showed a spe- 
cific gravity of 1.024; reduction was negative; 


sedimentation 


there was a trace of albumin; and the micro- 
scopic study was negative. Roentgenograms 


of the chest were negative. 


Fic. 


1.—Case 1. Typical adenocarcinoma of the stomach, removed surgically. X20. 
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An electrocardiogram on 
normal but on July 5 


May 10 was 
it revealed ventricular 
and nodal extrasystoles. His course was rapidly 
downhill. On May 23 
mass was felt, and Roentgen-ray ex- 
amination on May 31 again revealed barium 
to be retained in the valleculae. The esophagus 
appeared atonic and slightly dilated. A large 
filling defect was noted in the antral portion 
of the stomach, which was considered to be 


a rounded, hard, epi- 


gastric 


a large carcinoma. The erythrocyte count had 
fallen to 1,700,000 by May 31 and he was 
given repeated blood transfusions. On June 
23 the erythrocyte count reached 5,410,000. 
Despite his extremely poor condition, it was 
felt that an exploratory laparotomy was justi- 
fied. Accordingly, on June 28 this was done 


and a large carcinoma of the stomach with 
extension into the gastrocolic ligament and 
adjacent transverse colon was found and 
resected. Microscopic examination of the 


tissue (Fig. 1) revealed a typical adenocar- 
cinoma of the stomach. His immediate post- 
operative uneventful; 
on July 4 he choked and aspirated liquids 
during swallowing. His temperature rose to 
102°F., and he developed and 
marked dyspnea. Roentgenogram of the chest 
showed the left hemithorax to be completely 
and 


course was however, 


cyanosis 


Following re- 
peated tracheal suction and oxygen his con- 
dition improved, and a chest film on July 6 
revealed almost complete clearing of the 
lung fields. On Tuly 8, after seeming to be 
much improved, he abruptly expired. 
NECROPSY hours 
death. A erythematous rash 
present over the head, shoulders, chest, knees 
and dorsum of both hands. Subcutaneous fat 
was almost entirely absent. The entire mus- 
culature was pale and edematous. There was 
. perforation along the suture line of the gas- 


homogeneously opaque. 


after 
was 


was performed 5 
crusting 


troduodenostomy with a secondary peritonitis, 
and a small left subvhrenic abscess was noted 
The left upper. left and right lower 
lobes of the lungs atelectatic, and 
marked congestion was noted on cut section. 


lowe 
were 


The pericardial sac was glistening. The heart 
weighed 400 gm. and was extremely flabby 
and pale. The coronary arteries were soft 
and patent. The spleen showed heavy fibrin 


deposits over the surface but was otherwise 


not remarkable. The liver presented a “nut- 
meg” appearance and weighed 1650 gm. 
The adrenal glands, pancreas, kidneys, and 
testes were essentially normal. Grossly, the 
csophagus was normal. The remaining gastric 
mucosa was soft and edematous, and the 
suture line showed several openings with 
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ulceration. The remaining intestinal tract was 
not remarkable. 
MiIcROSCOPIC 


Finpincs. The lungs were not 


unusual except for pulmonary congestion. 
There was a considerable amount of edema 
in the myocardium and there were focal 


areas of degeneration of the myocardial fibers 


with interstitial cellular elements. 
There was a moderate amount of perivascular 


infiltration with 


increased 


mononus lear and polymor- 


phonuclear cells. Ther moderate coro- 


artery 


was 
nary atherosclerosis. Examination of 
the revealed subcapsular 


abscesses and the parenchyma was markedly 


spleen numerous 
congested. The liver capsule was covered with 
and the 
chyma revealed a diffuse collection of granu- 
locytes, espec ially about the portal areas. The 
and adrenal were not 
markable. The kidneys showed some areas of 
glomerular 


fibrinopurulent exudate, paren- 


pancreas glands re- 
albuminoid 
terial was present in the tubules. 
Sections taken from the 
of the 


of relatively normal epidermis. The base of 


congestion, and ma- 
periphery of one 


skin lesions showed a sudden transition 


the lesion was comprised of corium which 
was extremely infiltrated with granulocytes 
Elsewhere, the skin few 
papillae and rete pegs 
revealed 


only a 
striate muscle 
Some of the 
fibers appeared well preserved, but in other 


showed 
The 


marked degeneration. 


areas they were almost completely destroyed 
There was a diffuse lymphocytic infiltration 
in the areas of muscle change. No specific 
collagenous degeneration was noted. 

Cast This 58-year old white male was 
idmitted to the hospital on May 28, 1951, 
complaining of generalized muscle pain, 
weakness and swelling of the hands, face and 
legs. In 1930 he developed classical symp- 
toms of diabetes mellitus and had taken in- 
sulin since that time. Since 1939 he had 
faithfully followed a weighed diet and had 
been taking from 40 to 50 units of protamin« 
zinc insulin daily. Beginning on April 15 
1951, he changed to NPH-50 insulin in the 
same dosage, and on this program the diabetes 
had been under excellent control. On May 2 
1951, he awoke with severe aching pain in 
the entire left arm and shoulder with associ 
ated swelling of the hand and forearm. This 
persisted, and about 3 days later spread t 
involve the right arm. He noted weakness 0 
both arms and hands. On May 15 he note 
similar soreness and weakness followed by 
swelling in the hips which slowly progresse: 
to involve both legs. He had difficulty it 
walking and noted that “the muscles wer 
slow to respond.” By May 21 he had swellin 
of the face and eyes. There was no histor 
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infections, chills or fever. Two of 

lis mother’s brothers had diabetes mellitus. 
Examination 


of recent 


revealed a well developed, 
well nourished, sallow white male lying un- 
comfortably in bed. There was generalized 
facial swelling with periorbital edema. The 
blood pressure was 126/64, the pulse was 


100 and the temperature was 99.4°F. The 
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heart was of normal size and the tones were 
not unusual. No murmurs were heard. There 
were a few fine to medium resonant rales in 
the left lower posterior lung field. The liver 
was palpable 2.0 cm. below the rib cage on 
inspiration. The abdomen was_ otherwise 
normal. In the left axilla there was a firm, 
movable, non-tender lymph node, measuring 


Fic. 


2.—Case 1. Striate muscle as found at autopsy showing marked degenerative changes. X100. 


PONS 
BIN 
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about 2 by 1 cm., but no other lymphadeno- 
pathy was found. There was generalized 
edema. The fingers revealed tightness of the 
periarticular tissues, and there was joint ten- 
derness on passive motion. Rather severe 
muscle tenderness was present in the ham- 
string group, the gastrocnemii, the paraspinal 
muscles, and those of the shoulder girdle 
and arms. Neurologic examination revealed 
absence of the deep tendon reflexes in the 
uppér extremities and very diminished deep 
tendon reflexes in the lower extremities. 

Laboratory findings were as follows: The 
serological test for syphilis was negative. 
Urinalysis showed a specific gravity of 1.022, 
reduction negative, one to two plus albu- 
minuria, occasional granular casts, and no red 
blood cells. Porphyrins were negative. The 
red cell count was 3,530,000 and the hemo- 
globin was 11.5 gm. The white cell count 
was 9,350, and the differential count showed 
58% polymorphonuclear neutrophils, 8% band 
cells, 32% lymphocytes and 1% basophils. The 
uncorrected sedimentation rate was 49 mm. in 
1 hour (Wintrobe). The blood urea nitrogen 
was 21 mg. Total serum proteins were 5.2 gm., 
with 2.7 gm. of albumin and 2.5 gm. of glob- 
ulin. Total cholesterol was 118 mg., and cho- 
lesterol esters were 112. Serum calcium was 
8.5 mg., inorganic phosphorus 3.85 mg., and 
serum acid and alkaline phosphatase deter- 
minations were normal. The blood sugar 
was normal, and urine reduction ranged 
from negative to a trace. An electrocardio- 
gram was within normal limits. Roentgen 
examination of the chest was negative. Fluoro- 
scopically, the heart was normal. A barium 
swallow under the fluoroscope revealed very 
slow passage through the upper one-third 
cf the esophagus, and a large amount of 
barium was retained in the valleculae. An 
intravenous urogram revealed no abnormali- 
ties. 

The patient ran a low-grade fever up to 
100°F. His pulse and blood pressure remained 
normal. The diabetes was easily controlled 
by diet and 30 units of NPH-50 insulin, 
which was later changed to a mixture of pro- 
tamine zinc and regular insulin. In spite of 
the absence of skin lesions, it was felt that 
a clinical diagnosis of acute dermatomyositis 
was justified. On June 7 he was given 100 gm. 
cf human serum albumin intravenously over 
a 20-minute period. Five minutes after 
completion of the infusion he abruptly de- 
veloped a severe chill with a fever which 
ultimately reached 105.4°F. and cyanosis 
with marked asthmatic type breathing, later 
followed by pulmonary edema. The systolic 
blood pressure rose to over 200 mm. of 
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mercury. He was treated with aminophyllin, 
diphenhydramine, lantoside C, tourniquets, 
phlebotomy and oxygen Seven hours after 
completion of the albumin infusion, he had 
improved to the point that oxygen could be 
stopped, and he was able to eat his evening 
diabetic meal. At that time the chest revealed 
only occasional moist basilar rales, and _ his 
pulse and blood pressure had returned to 
normal. However, 8 hours after the albumin 
injection his respirations abruptly ceased and 
he expired. 

Necropsy was performed on the unem- 
balmed body 18 hours after death. There 
was generalized edema, most marked over 
the dependent portions of the body. The 
musculature was distinctly pale, soft and 
edematous, but there was no apparent atro- 
phy. The fascial planes were extremely moist. 
There was a small amount of straw colored 
fluid in each hemithorax. The lungs were 
heavy, congested and edematous. There was 
no evidence of tumor. The thyroid gland 
appeared normal. The heart was of normal 
size. The myocardium was firm but seemed 
somewhat pale. There was some thickening 
of the mitral cusps with shortening of the 
chordae tendinae which was felt to be resid- 
ual changes of healed rheumatic valvulitis. 
The spleen was not remarkable. The liver 
showed 6 cavernous hemangiomata which 
measured from 1.0 to 3.0 cm. in diameter. 
The pancreas was smaller than usual but 
maintained its usual architecture. The adrenal 
glands were thinned and there appeared to 
be a decrease in the cortical tissue. The gas- 
trointestinal tract was not noteworthy. Within 
the lateral inferior portion of the left kidney 
there was a lobulated tumor mass_ which 
measured 4.0 by 4.0 by 4.0 cm.; there was 
no evidence of extension nor metastasis of this 
lesion (Fig. 3). There was enlargement of 
the lymph nodes, particularly in the para- 
aortic area and in the axillae, the largest node 
measuring 1.6 by 1.0 by 1.0 cm. The nodes 
tended to occur in small clusters and were 
firmer than normal. The remainder of the 
examination, including the brain and _ spinal 
cord, revealed no gross abnormalities. : 

Microscopic Frxpincs. The lungs re- 
vealed only congestion and edema. There 
were some focal atrophy and degeneration 
of the myocardial fibers, associated with small 
areas of round cell infiltration. The liver 
showed a diffuse granulocytic infiltration into 
the sinusoids. Changes of mild intercapillary 
glomerulosclerosis were present in the kid- 
nevs. The renal tumor was a typical clear 
cell adenocarcinoma (Fig. 4). Sections of the 
skin generally were not unusual, One area 
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revealed a mixed cell pericapillary infiltra- Discussion. In Case 1, the initial 
tion in the corium. The striate muscle revealed symptoms of the final illness were 
egg hose of dysphagia, later followed 
associated with diffuse lymphocytic infiltra- t by 
tion (Fig. 5). The remainder of the examina- the classical findings of dermatomy- 
tion revealed no noteworthy changes. ositis. By the time the gastric neo- 


extensive degeneration of the muscle fibers, 


Win \\ 


Fic. 3.—Case 2. Left kidney showing the small, lobulated tumor mass. 


4 
+ 4° ~ A 
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plasm was discovered, the disease was 
too far advanced to provide any treat- 
ment other than palliation. The part 
played by the collagen disease in the 
breakdown of the surgical suture line 
is, of course, problematical but sug- 
gestive. 
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The second case presents the pic- 
ture of diabetes mellitus of many years’ 
duration followed by dermatomyositis. 
The diabetic state apparently was not 
significantly altered by the collagen 
disease, which is interesting in view of 
the disturbance in carbohydrate metab- 


Fic. 4.—Case 2. Adenocarcinoma of left kidney. X100. 
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olism occasionally noted in such 
. The renal tumor was an inci- 
dental finding at necropsy, and its role 
in the precipitation of the dermatomy- 
ositis is a matter of speculation. Fur- 


thermore, the change of insulin from 


cases”? 
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protamine zinc to NPH-50 shortly be- 
fore the onset of the final illness 
raises another question as to the in- 
troduction of a foreign protein, al- 
though the protamine molecule would 
be no different than that of his pre- 


5.—Case 2. 


Striate muscle showing round cell infiltration and degeneration of muscle 


fibers, X100, 


| 
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vious insulin. Unfortunately, a sample 
of the human serum albumin used in 
this case was not available for study. 

The neoplasms previously reported 
by Brunner and Lobriaco? involved the 
ovary, breast, reticuloendo- 
thelial system, esophagus, gallbladder, 


stomach, 


vagina and rectum. The second case 
herein presented is the first reported 
involving the kidney®. 
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Summary. 1. Two cases of rapidly 
progressing dermatomyositis are pre- 
sented, in which the initial complaints 
were due to the collagen 
Later’ in the course of the disease, 


diseases. 


malignant neoplasms demon- 
strated. 
2. The possible causal relationship 


of tumors to some cases of dermato- 


were 


myositis is again suggested. 


* The Editor (RAK) has seen such a case in which an unsuspected cancer of the renal pelvis 
was found at necropsy in a patient who died of dermatomyositis. 
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THE purpose of this paper was to de- 
termine the venous pressure response 
human subjects during artificial res- 
piration produced (1) by the tank 
respirator, (2) by means of a positive 
pressure mask or the Emerson positive 
pressure dome attachment to the res- 
pirator, and (3) a combination of nega- 
tive and positive pressures in the res- 

irator. In the studies of Maloney and 
\hittenberger*:"! negative pressure ap- 
plied to the body, as in the tank 

spirator, was considered to produce 

milar physiologic effects as positive 
pressure applied to the upper respira- 
ry passageway. The clinical advan- 
ges as well as the hazards of mask 
essure breathing could thus be initi- 
‘d by conventional operation of the 
nk respirator. 
Since the venous pressure was found 
rise to a variable extent as a compen- 
sitory response to pressure breathing, 

proximately 40% above control levels 
in normal subjects and 70% in patients 
w th cardiac insufficiency”, observations 
Were carried out on the same subjects 


with the various methods of mechanical 
ventilation studied. The elasticity of 
the lungs and surrounding structures 
appeared to be the main factor which 
determined the degree of pressure 
transmitted to the chest and hence the 
increment in venous pressure. 


Methods. Graphic records were obtained of 
air pressures in the tank type respirator, the 
Emerson positive pressure dome and the Ben- 
net positive pressure mask. The Statham 
differential transducer was used as a pick-up 
unit for the pressure differential between the 
atmosphere and the ambient intra-tank pres- 
sure. In reporting the changes in tank pres- 
sure, the atmospheric pressure was used as 
the zero reference point. A Sanborn strain 
gauge amplifier and Viso-cardiette served 
as a recording unit. All curves were analyzed 
for inspiratory, expiratory and mean pressure. 
The latter were determined by means of 
planimetric analysis of the complete respira- 
tory cycle. 

The same instruments were used to deter- 
mine venous pressure. When experiments 
were conducted with the subject in the 
respirator, the venous pressure was recorded 
relative to the ambient intra-tank pressure 
since the subject’s body and, therefore, the 
bulk of the circulatory system was exposed 
throughout the experiment to the intra-tank 
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only the head being outside the 


Venous pressures obtained during 


atmosphe re, 
resptiratol 
dome or mask respirations were in reference 
to the room atmosphere. Normal subjects and 
patients with miscellaneous disease were used 
as subjects 


Results. Analysis of the pressure ob- 
tained during operation of the tank 
type respirators, the positive pressure 
dome, and the Bennet positive pres- 


sure mask showed considerable difter- 


Emerson Tank 


Mean Pressure -4.4 


cm HO 


Spirodome 
+3.0 


Meen Pressure 
cm H20 


method is 


ences in the shape of the pressure 
curves and, therefore, in mean _pres- 
sures, even with identical peak pres- 
sures, as seen in Table I and Fig. I. 

The rise in venous pressure which 
took place with pressure breathing 
varied for the most part with the de- 
gree of pressure change, whether pro- 
duced by ventilation with the tank or 
dome. At peak negative pressures of 20 
em. HO (mean pressure 6.3 cm.) and 
15 cm. H,O (mean pressure 4.4 cm.) 


SEANOR, 


Pressure Curves of Various Tank Respirators, 
and the Bennet Positive 


(Peak Pressure 215 cm.) 


Respirator 


Fic. 1—Pressure curves obtained during operation of the Emerson Tank Respirator and Spir 
dome, the Collins Tank Respirator and the Bennet Positive Pressure Mask, at 15 cm. peal 
pressure have different shapes. Therefore, the calculated mean effective pressure for eac!l 


BARACH: 


the Emerson tank the 
average increase in venous pressure of 
mm. H.O and 17 


mm. respectively. Intra-dome peak 


in respirator 


99 


12 subjects was 


positive pressures of 20 cm. HO and 
15 cm. HO with mean positive pres- 
sures of 4.8 cm. H.O and 3.0 cm. H.O, 
ot 


venous pressure of 20 mm. H.O and 17 


resulted in an average increase 


mm. H.O respectively. These changes 


the Positive Pressure Dome 
Pressure Attachment 


Collins Tank Respirator 


- 5.8 


Positive Pressure Mosk 


+6.3 


Bennet 


different. 


are seen in the accompanying Table 2 
By using a negative pressure of 10 
cm. H,O during inspiration and a pos 
tive pressure of 5 cm. H.O during e» 
piration, the mean intra-tank pressu 
was 1.9 cm. H.O and the mean venous 
pressure increase was only 3.3 mi 
H.O. With a mean intra-tank negati’ 
pressure of 0.7 cm. H.O, attained by 
using an intra-tank negative pressure 
of 10 cm. during inspiration and a posi- 
tive intra-tank pressure of 10 cm. H.O 


EFFECTS OF PRESSURE 
during expiration no change in mean 
venous pressure, within the limits of 
the method used, was observed, as 
seen in Table I. 

The clinical effects of positive pres- 
sure breathing by mask and by means 
of negative intra-tank pressure were 
compared in 1 patient with pulmonary 
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Discussion. The venous pressure re- 
sponse to negative pressure around the 
body in the mechanical tank respirator 
and positive pressure applied to the 
upper respiratory passageway was 
found to be similar, varying with the 
mean pressure applied. In the accom- 
panying Fig. 2 an illustration of the 


COMPARISON OF PEAK PRESSURES AND MEAN EFFECTIVE PRESSURES 


IN VARIOUS TYPES OF RESPIRATORS 


rABLE 1 
Type of Re spirator 
Emerson Tank 
Tank 
Tank 
‘Tank 
Dome 
Dome 
Drinker Collins Tank 
Tank 
Tank 
Tank 
Bennet Positive Pressure 
Attachment and Mask 
TABLE 2..-VENOUS PRESSURE 
TANK RESPIRATOR (NEGATIVE 


Intra-tank 


Pe ak Pre SSUTOCS 


CHANGES DURING 
INTRA-TANK 
POSITIVE PRESSURE) AND TANK RESPIRATOR 


Mean Effective 


Pre SSUTE 


em. cm. H,O 
—20 -6.3 
15 4 
10 +5 1.9 
10 +10 0.7 
+20 +4.8 
+15 +3.0 
20 7.4 
15 5.8 
10 +5 
10 +10 0 
+15 +6.3 


ARTIFICIAL RESPIRATION BY 
PRESSURE), DOME OVER HEAD 
POSITIVE-NEGATIVE PRESSURE) 

Change in 
Mean Ve nous 


No. of Pressure Pressure 
Cases em. H.O mm. 
12 —20 +21.5 
12 —15 +17.3 
10 —10 +5 + 3.3 
10 —10 +10 + 0.7 

Change in 
Intra-dome Mean Venous 
No. of Pressure Pressure 
Cases em. HO mm. H.O 
12 +20 +20.2 
12 +15 +16.7 


edema and 5 patients with bronchial 
asthma. Marked relief of dyspnea was 
obtained in these patients when treated 
with either method of pressure breath- 
ing. The sibilant rales heard through- 
out the lungs in the patients with bron- 
chial asthma were diminished as soon 
as pressure respiration was applied by 
either method. 


pressure changes in the two methods 
of pressure breathing is presented. 

At the end of inspiration in the tank 
respirator, the pressure surrounding the 
body is 740 mm. Hg when a negative 
intra-tank pressure of 20 mm. Hg is 
applied; the ambient atmospheric pres- 
sure surrounding the head is 760 mm. 
Hg. A flow of air is initiated by the 
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pressure gradient from the nose and 
mouth at 760 mm. Hg to the lungs. 
until an equilibrium is reached, that is, 
until the intrapulmonary pressure is 
760 mm. Hg. At that instant the intra- 
pulmonary 20 mm. Hg 
higher than the pressure surrounding 
the body. When a pressure increase 
above the atmosphere of 20 mm. Hg is 
used over the nose and mouth with a 
dome or mask, the pressure surround- 
ing the body is 760 mm. Hg; a flow of 


pressure is 


SEANOR, 


BARACH;: 


phere during a fall from 760 mm. Hg 
to 740 mm. Hg. This 
sented by the equation 20/760, amounts 


factor, repre- 
to an increase in density of approxi- 
mately 3% during ventilation by pres- 
sure changes applied to the upper 
respiratory 
insignificant increase in turbulent vis- 
cosity would take place in obstructive 
dyspnea. A minor increase in oxygen 


airway. Theoretically, an 


tension in the atmosphere is present 


during upper respiratory breathing, 


PRESSURE CHANGES IN RESPIRATOR (A) TANK (B) DOME 
End of Inspiration End of Expiration End of inspiration 
Tonk Pressure Breathing Tank Pressure Breathing Dome or Mask Pressure 
(A) and Dome or Mask Pressure Breathing 
Breathing (B) 
(A and B) 
760 7g 
760 g 760 | 


Fic. 2.—The intrathoracic pressure is 20 cm. higher than the extrathoracic 


pressure at the 


end of inspiration by negative intra-tank pressure and by positive pressure applied over the 
upper respiratory passageway. Each method of ventilation is due to pressure breathing. 


air is then produced by the pressure 
gradient from the nose and mouth at 
780 mm. Hg to the lungs at 760 mm. 
Hg until an equilibrium is reached, 
that is, until the intrapulmonary pres- 
sure is 20 mm. Hg greater than the 
pressure surrounding the body. 

The physiologic effects of each 
method of artificial respiration appear 
to be similar with several exceptions 
which appear to be of no clinical sig- 
nificance. The density of the gas de- 
livered to the lungs by a pressure 
gradient from 780 mm. Hg to 760 mm. 
Hg is greater than that in the atmos- 


that is, approximately 0.6%. The volume 
of air in the lungs is also reduced about 
3% with a 20 mm. Hg pressure increase 
above the atmosphere as compared to 
a sub-atmospheric pressure of 20 mm. 
Hg. 

In studies on the effect of pressure 
breathing in pulmonary edema _a 
marked prolongation of the circulation 
time was noted in patients with cardiac 
disease in contrast to a slight and vari- 
able increase in normal subjects”. Sub- 
sequently, studies carried out on pres- 
sure breathing as a means of increasing 
altitude tolerance revealed a consistent 


EFFECTS OF PRESSURE 
rise in venous pressure, proportionate 
to the mean pressure, whether pressure 
breathing was achieved by continuous 
or intermittent de- 
crease in cardiac output was frequently 
observed with mean pressures of 20 cm. 
H.O*%*. Mean pressures in the neigh- 
borhood of 6 cm. H.O did not gener- 
ally produce measurable changes in 
output in normal subjects. 
However, in patients with shock or 
impending peripheral circulatory fail- 
ure, the hazard of pressure breathing 
has been emphasized as in these cases 
intrapulmonary pressure 
may retard entrance of blood into the 
right heart'. Whittenberger, Sarnoff 
and Maloney*!*? have also shown that 
pressure during sympa- 
thetic depression may result in circula- 
tory collapse because of the absence 
of compensatory 


cardiac 


increase in 


respiration 


mechanisms ordinar- 
ily evoked by increased intrathoracic 
pressure, such as increase in venous 
pressure. 

The elevation in venous pressure as 
a result of pressure breathing consti- 
tutes. therefore, a sign of considerable 
importance in respect to maintenance 
of the integrity of circulation. Since the 
changes in venous pressure produced 
by pressure breathing over the respira- 
tory airway are similar to those ob- 
tained when pressure breathing is ac- 
complished by instituting a negative 
pressure in the tank respirator, arti- 
ficial respiration with a conventional 
tank respirator should be considered a 
procedure which carries with it the ad- 
vantages as well as the dangers of so- 
called positive pressure respiration. In 
the presence of an intact circulatory 
system, pressures within the ranges re- 
quired for adequate pulmonary venti- 
lation are not hazardous. Furthermore, 
in cases of pulmonary edema, pressure 
breathing is of value whether accom- 
plished by a mask or tank respirator, 


is reported by Maloney and Whitten- 
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berger® and observed by us. Similarly, 
in 5 patients with asthma and pulmon- 
ary emphysema the use of negative 
intra-tank pressure resulted in the re- 
lief of dyspnea to a degree comparable 
to positive pressure breathing applied 
with a mask or hood. 

In patients in whom peripheral cir- 
culatory insufficiency is present, pres- 
sure breathing is instituted with the 
caution previously described. If a fall 
in systolic blood pressure of more than 
10 or 15 mm. Hg takes place, or if the 
pulse volume is reduced as a result of 
pressure breathing in the tank, modi- 
fication of the procedure should be in- 
stituted by lowering the mean intra- 
tank pressure employed. By increasing 
the expiratory intra-tank pressure to 
a positive pressure of 6 cm. H.O, and 
keeping the inspiratory pressure at 
minus 15 cm. H.O, an increase in venti- 
lation takes place above that obtained 
by the use of negative intra-tank pres- 
sure during inspiration of 15 cm. alone. 
This would result in a lower require- 
ment for a compensatory rise in venous 
pressure than would be necessary for 
ventilation by means of an intra-tank 
negative inspiratory pressure of 21 cm. 
An even smaller challenge to the ven- 
ous pressure mechanism is provoked 
by intra-tank pressures of plus 10 and 
minus 10 cm. H.O. 

In current studies, the use of a swift 
rise in negative intra-tank pressure to 
the atmosphere has been shown to re- 
sult in ventilation with a less marked 
rise in mean venous pressure®. A sud- 
den opening of a 5 inch butterfly valve 
was made use of to increase the flow 
rate of air in expiration, in order to 
aid in the elimination of bronchial se- 
cretions. Since the mean pressure was 
lowered with this form of pressure 
breathing, the venous pressure rise was 
correspondingly less, that is, almost 
half that produced in normal subjects 
by conventional operation of the res- 
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pirator. The value of artificial respira- 
tion without an increase in mean ven- 
ous pressure is illustrated in a patient 
in whom respiration 
was substituted for pressure breathing 
in the tank respirator’. 

Bower et al.? have reported and in- 
equality in tidal air when 
was applied over the airway by a mask 
as compared to negative pressure over 
the body in a tank respirator. Since 
reference was not made in that report 
to the effective mean pressures used, we 
which indicated 
that the mean pressure of the Bennet 
positive pressure mask is higher than 
that found with the standard Drinker- 
Collins tank respirator, the values be- 
ing minus 5.8 cm. H.O for a negative 
intra-tank peak pressure of 15 cm. H.O 
as compared to 6.3 cm. H.O for 15 cm. 
H.O positive pressure in the mask. 
More filling of the lung 
would be expected as the result of 
especially in 
the presence of obstruction in the res- 


electrophrenic 


pressure 


made measurements 


complete 


higher mean pressures, 
piratory passageway. 

Summary. 1. The 
response of human subjects to pressure 


venous pressure 
breathing produced by positive pres- 
sure applied to the upper respiratory 
by mask or 
compared to the effect of negative 


passageway, dome, was 


BECK, SEANOR, 


BARACH: 


pressure surrounding the body in the 
conventional tank respirator. 

2. When equivalent mean pressures 
were employed, the rise in venous 
pressuré was of similar magnitude with 
each method of mechanical ventila- 
tion. The effects on the circulation 
were considered physiologically simi- 
lar whether pressure was applied by 
lowering the intra-tank negative pres- 
sure or increasing the pressure applied 
over the nose and mouth. 

3. When breathing 


maintained in the tank respirator by 


pressure was 
a combination of negative and positive 
pressures, the mean effective pressure 
was correspondingly lowered with a 
parallel decrease in venous pressure 
elevation. In conditions of peripheral 
circulatory failure, in which tank res- 
pirators are employed, advantage may 
be taken of the increment in ventila- 
tion that is produced by adding intra- 
tank positive expiratory pressure to the 
intra-tank 


sure. 


negative inspiratory pres- 
1. In patients with bronchial asthma 
intra-tank 
tion resulted in a relief of dyspnea 
that obtained by 
pressure breathing instituted over the 


negative pressure respira- 


similar to positive 


upper respiratory passageway. 
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Wuen administered under specific 
hormonally active 
steroids have effects on the cardiovas- 
cular system which deviate notably 
from their assumed physiological activ- 
Thus, (desoxycorticoster- 
one acetate ) is potentiated in its hyper- 
tensive effect on human beings by 
adrenalectomy!* or Addison’s disease**. 
From such observations, it has been in- 
ferred that some part of the normal se- 
cretion of the adrenal cortex is anti- 
pressor. Disparities between the activi- 
ties of DCA and cortisone have: sug- 
gested to some that the hypothetical 
adrenal cortical antipressor might be 
a steroid with the properties of corti- 
Unfortunately, studies of the 
cardiovascular effects of cortisone’:13.?8, 
Lipo-adrenal extract, Upjohn**" and 
17 - hydroxy - 11 - desoxy - corticoste- 
rone (compound S or _ desoxocorti- 
have been contradictory 
or inconclusive. 


conditions, some 


ities. 


sone. 


The experiments here reported were 
designed to resolve these issues by 
studies of the effects of the substances 
named and of hydrocortisone upon 
cardiovascular and other functions; we 
have also examined in parallel studies 
the properties of pregnenetriolone and 
of 17-hydroxy-progesterone in order to 


determine the specific effect of steroid 
hydroxylation at C-17. 

Metabolic and cardiovascular func- 
tions evaluated in most of the experi- 
ments, included body weight and well- 
being, arterial pressure, urine flow, 
blood and urine composition, including 
urinary corticoids, and, at autopsy, 
gross and microscopic changes in tis- 
sues. 


Methods. Female rats (70 to 100 gm. body 
weight) were uninephrectomized and divided 
into 13 groups (12 experimental and 1 un- 
treated control). They were kept in metabo- 
lism cages, fed Purina fox chow and given 
1% NaCl as drinking water. The substances 
administered to the experimental groups were 
DCA, Lipo-adrenal extract, Upjohn, cortisone 
acetate (Cortone, Merck, hydrocortisone ace- 
tate (Hydrocortone, Merck), A‘4-pregnene 
7a, 20, 21-triol-3-one-diacetate (pregnenetrio- 
lone), 17-hydroxy - 11 -desoxy - corticosterone 
acetate (compound S) and_ 17-hydroxy- 
progesterone. The DCA was given by subcu- 
taneous implantation of two 35 mg. pellets; 
Lipoadrenal extract, Upjohn, was injected sub- 
cutaneously twice daily in doses of 0.2 ce. 
(equivalent to daily doses of 16 rat-growth 
units or to glycogenic activity of 0.4 mg. of 
cortisone); water suspensions of cortisone and 
hydrocortisone acetates were given in daily 
doses of 2.5 mg. and of the other steroids in 
doses of 5 mg. daily. In addition to the ob- 
servation on the effects of treatment with 
single steroids, every one except compound 
S was administered in conjunction with DCA. 

Urine flow was measured daily; arterial 


* This study was supported by a grant of the National Heart Institute, National Institutes 
of Health, Public Health Service. 
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pressures were determined by a tail plethys- 
mograph!6 or from the foot pulse25 at least 
once a week. Urinary protein content and 
outputs of formaldehydogenic urinary corti- 
coids (FC) were determined at intervals. For 
FC assay, urine was collected under chloro- 
form, pooled to a volume of 300 cc., adjusted 
to pH 4.5 for incubation with 8-glucnronidase® 
and subsequently brought to pH 1 for ex- 
traction and measurement of FC as TFC 
(total FC)?. 


ET AL.: 


In the doses given, compound S, preg- 
nenetriolone and _ 17-hydroxy-proges- 
terone had no effect on ‘growth, blood 
pressure, blood constituents and organ 
weights. Pregnenetriolone and 17-hy- 
droxy-progesterone, like compound 
S'21\ did not modify the functional or 
morphological effects of treatment with 
DCA. Data pertaining to these experi- 


rABLE 1.—EFFECTS OF VARIOUS STEROIDS ON BODY WEIGHT 
AND ARTERIAL PRESSURE 


\ yf Ra Body W's ight in gm Blood Pre ssure inomm Hq 
Group Initial Final Treatment Initial Final 10th day 0th day 
l 8 8 86 147 121 119 
72-102 112-170 100-145 102-145 
2 8 7 DCA 90 130 128 154 
78-100 114-176 112-155 120-170 
Cortisone 85 SO 140 1382 
70-100 68-95 102-160 120-150 
4 7 6 Hydrocortisone 89 R5 148 142 
72-1038 62-112 126-155 110-160 
Lipo-adrenal 90 140 123 111 
Extract 85-98 130-157 110-135 90-120 
6 14 2 DCA 88 78 159 142* 
Cortisone 78-98 74-88 110-170 140-145 
7 8 5 DCA 97 87 154 166 
Hydrocortisone 83-106 60-82 180-170 142-200 
8 8 6 DCA 91 115 123 137 
Lipo-adrenal 75-102 66-142 110-135 112-190 
Extract 


Blood pressure taken on 


The experiments were terminated by sacri- 
fice either on the 30th day or as required by 
lack of steroid in the case of 17-hydroxy-pro- 
gesterone or by reason of excessive mortality 
concurrent DCA + cortisone). The ani- 
mals were lightly anesthetized and heparin- 
ized; the blood was collected for analysis; 
the tissues selected for study were placed in 
Zenker'’s fluid or 10% formalin, weighed and 
sectioned. The brain was removed immedi- 
ately, weighed and prepared for determina- 
tion of the thiobarbituric acid index*, which 
has been claimed to correlate with the level 
of adrenal cortical activity33. 


Results. The more significant results 
are summarized in Tables 1 and 2. 


2 animals on the 16th day 


ments are therefore omitted from the 
tables. 

1. GrowtH AND WELL-BEING, (TABLE 
1.) Normal growth was observed only 
in Group 5 (Lipo-adrenal extract, Up- 
john); growth was somewhat retarded 
in animals given DCA alone or with 
Lipo-adrenal extract, more so towards 
the end of the experiment as hyperten- 
sive vascular disease increased in se- 
verity; growth was definitely depressed 
in other groups. Mortality was most 
severe in rats given DCA plus corti- 
sone (Group 6); only 2 of 14 animals 


( 
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were still alive on the 16th day. Cor- 
tisone (Group 3) given alone caused 
weight loss, but half the animals sur- 
vived to the 30th day. Similarly, ani- 
mals given hydrocortisone plus DCA 
(Group 7) showed a greater mortality 
than those given hydrocortisone alone 
(Group 4), although the correspond- 
ing less than with 
cortisone. Death in the groups given 
cortisone alone or hydrocortisone alone 


mortalities were 
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while cortisone and hydrocortisone had 
no effect. Mean flow was moderately 
increased by 17-hydroxy-progesterone 
(24 ce.), compound § (16 cc.) and 
Lipo-adrenal extract (15 cc.); control 
mean flow was 8 cc. Surprisingly, diure- 
sis attributable to DCA was augmented 
by concurrent treatment with cortisone 
or hydrocortisone, although in such 
animals it was sharply suppressed at 
the onset of anasarca or hematuria. 


TABLE 2.--EFFECTS OF VARIOUS STEROIDS ON URINE FLOW, URINARY PROTEINS 
AND CORTICOSTEROIDS, AND THIOBARBITURIC ACID TEST 
Urine Flow* 
in cc. per Urinary Proteins Urinary Corticoids Thiobarbituric Acid 
Group 24 hrs in mg. per 24 hrs. in meg. per 24 hrs. test values X 100 
l 8 3.4 5 196 
(170-212) 
? 33 25 1.2 176 
(132-231) 
1] 4.4 1.3 219 
(183-268) 
10 1.3 
15 3.8 5 243 
(229-263) 
6 80 140, 20. 163 
(160-165) 
7 60 51.4 19, 
45 16 3. 181 


(173-197) 


* Mean for the last 10 days 


was associated with extreme cachexia 
ind infection, notably lung abscess; in 
Groups 6 and 7, in which these com- 
pounds were given with DCA, infec- 
tion and weight loss were associated 
vith gross hematuria and/or sudden 
mset of anasarca. These latter mani- 
estations were independent of cachexia 
ind infection and appeared suddenly at 
ny stage of the experiments. In this 
espect the combination DCA + hy- 
rocortisone was less toxic than DCA 
cortisone. 
2. Urntne (Tasie 2.) Among 
e groups receiving single steroids, 
rine flow was most increased by DCA, 


Lipo-adrenal extract also augmented 
DCA diuresis. 

3. ARTERIAL PressuRE (TABLE 1.). 
Arterial pressure was regularly and 
progressively increased in the DCA 
group; the other steroids, with the ex- 
ceptions of cortisone and hydrocorti- 
sone, had no effect on this function. 
Animals given cortisone and hydrocor- 
tisone alone exhibited means of arterial 
pressure ranging from 131 to 143 mm. 
Hg while the range in controls was 
from 119 to 129. These determinations 
were reproduced by different observers 
and by two methods of measurement 
during the of the experiment. 
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In rats given DCA alone, the arterial 
pressures persist within normal limits 
until about the 10th day, when there 
begins a progressive rise into hyperten- 
sive levels. In contrast, the small but 
reproducible and definite rise of ar- 
terial pressure induced by cortisone or 
by hydrocortisone appeared about the 
5th day of steroid administration and 
persisted thereafter at that level. Com- 
pound § (5 mg. daily) did not affect 
arterial pressure (mean of group pres- 
sures 128 mm. Hg, range 105 to 140 
on the 30th day). 

DCA-induced hypertension was not 
altered by administration of other 
steroids with the exception of cortisone 
and hydrocortisone. The latter com- 
pounds seemed to accelerate the onset 
of DCA hypertension; thus, in a re- 
cent experiment not included in the 
table, 6 rats were given DCA alone for 
15 days at which time the group mean 
pressure was 140 mm. Hg; cortisone 
(2.5 mg. daily) was given for 5 days, 
at the end of which time the mean 
group pressure was 201 mm. Hg and 
some of the animals manifested ana- 
sarca. As might be expected, the ad- 
vance of cachexia or the onset of se- 
vere infection or of hematuria resulted 
in a decrease of arterial pressure. 

4. BLoop AND URINE CHEMISTRY. 
Among the substances administered 
singly, DCA was the only one to cause 
increases in blood hemoglobin and 
hematocrit, slight elevation of blood 
urea nitrogen, increase in plasma Na 
and decrease in plasma K. Normal val- 
ues for these constituents were ob- 
served in rats treated with cortisone 
and hydrocortisone alone; thus, means 
of determinations were Cl, 106 and Na 
139 mEq. per 1. after cortisone, and 
108 and 135 mEq. per 1. in controls. 
The samples obtained from animals 
treated with these 2 steroids in combi- 
nation with DCA were insufficient for 
these analyses. However, ascitic fluid 
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of rats of Group 7 which had gone into 
anasarca yielded the following means: 
Cl, 121, Na, 145, K, 3.6 mEq. per 1. 
and urea nitrogen 92 mg. per 100 cc. 

Analyses of urinary proteins and cor- 
ticoids and of brain thiobarbituric acid 
index are summarized in Table 2. DCA 
augmented proteinuria; superimposed 
treatment with cortisone or hydrocorti- 
sone added to this effect, both as re- 
gards concentration and output of uri- 
nary protein. Cortisone or hydrocorti- 
sone had no effect on proteinuria when 
given alone. 


Total urinary formaldehydogenic 
corticoid outputs were so low that 
technical errors might account for 


variations around the control mean of 
the order of 200%. However, the dif- 
ferences in outputs as between Groups 
6, 7 and 8 and the controls are such 
as to indicate that steroid administra- 
tion increased TFC outputs. These dif- 
ferences were reproduced in 3 series 
of tests. The augmentation of output 
is evident when two formaldehydo- 
genic steroids are given concurrently; 
it is noteworthy that a biologically in- 
active formaldehydogenic steroid such 
as pregnenetriolone increases TFC out- 
put when given during administration 
of DCA to 22 micrograms (meg.) daily 
(pregnenetriolone alone 1.4 meg., DCA 
alone 1.2 mcg. daily). 

The _ thiobarbituric indices of 
brain tissue varied widely in each of 
the groups. The mean value is in- 
creased in Groups 3 and 5 (Lipo-adre- 
nal extract and cortisone ); although we 
are not persuaded that these differences 
are significant, it may be that the nor 
mal, or low mean values in Groups 6 
and 8 indicate inhibition by DCA ot 
the stimulating effects of Lipo-adrena 
extract and cortisone. Surprisingly, th: 
mean index in rats given pregnenetrio 


lone + DCA elevated to 22: 


acid 


was 


(range 168-312). 
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5. MorPHOLOGICAL CHANGES. As 
would be expected, relative kidney and 
heart weights were increased by ad- 
ministration of DCA alone (1.27 and 
0.43 gm. per 100 gm. body weight re- 
spectively; 0.73 and 0.31 gm. in con- 
trols); the combination DCA + corti- 
sone exaggerated this effect (1.51 and 
0.55 gm. per 100 gm. respectively ). Ab- 
solute kidney and heart weights were 
not increased by administration of 
either cortisone or hydrocortisone alone; 
the increases in relative kidney and 
heart weights (0.93 and 0.45 gm. per 
100 gm. with cortisone, 0.91 and 0.42 
gm. per 100 gm. with hydrocortisone ) 
are largely attributable to loss of body 
weight. 

Absolute adrenal weight was greatly 
decreased by cortisone (10 mg.) and 
hydrocortisone (11 mg.) and moder- 
ately by DCA (22 mg.). The other 
steroids, including compound S (27 
mg.) and Lipo-adrenal extract (32 
mg.) had no effects on this function. 

The thymus was completely atrophic 
in rats given cortisone or hydrocorti- 
sone; spleen weights in these groups 
were decreased respectively to 0.41 and 
0.46 gm. (0.94 in controls). Ovaries 
and uterus were atrophic in animals 
given DCA alone or in combination. 
In contrast, weights of these organs 
were not decreased by administration 
of cortisone or hydrocortisone; rather, 
these organs were found to be well 
maintained at autopsy, even in the 
presence of severe cachexia and the 
uterus was in full estrus phase. 

The renal lesions produced by ad- 
ministration of DCA require no fur- 
ther description; such were present in 
varying degrees in all groups treated 
vith DCA; they were not substantially 
nodified by concurrent administration 
f other steroids. Lesions were some- 
vhat less severe in Groups 6 (corti- 
one + DCA) and 7 (hydrocortisone 


DCA); this is attributable to the 
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shorter course of the experiments 
(Group 6) and to wasting and cachexia 


(Groups 6 and 7). None of the steroids 


other than DCA elicited DCA-like 
lesions in the kidney. 
The most profound pathological 


changes were found in Groups 6 and 7. 
These were largely infectional and con- 
sisted of lung abscesses, empyema 
thoracis and purulent pericarditis. The 
lungs were firm and distended, beefy 
red and spotted by yellowish abscesses. 
Those animals which had manifested 
hematuria showed focal intrarenal 
hemorrhages; the large size of these 
and their tendency to occur in the cor- 
ticomedullary zone and medulla con- 
trast with the flea-bite cortical hemor- 
rhages caused by DCA alone. The renal 
tubules in hemorrhagic areas contained 
blood and sometimes pigment casts. 
Kidneys of animals of Groups 6 and 
7 showed under high magnification 
characteristic changes. These seem to 
represent specific effects of the combi- 
nations DCA + cortisone and DCA 
+ hydrocortisone, since they were not 
seen in animals treated with any of 
these steroids singly, (Figure 1 a and 
1 d). They consisted of deposits of 
homogeneous material in the capsular 
spaces of the glomeruli; this material 
stained bluish-red with hematoxylin- 
eosin-methylene blue, bright red with 
trichrome and blue with periodic acid- 
fuchsin. The deposits first appeared as 
crescents which adhered to the capsular 
epithelium (Figure 1 b) and went on 
to fill the capsular space and to cause 
compression atrophy of the glomerular 
tuft (Figure 1 c). The same deposit 
sometimes appeared within the cap- 
sular membrane and around the hilus 
of the glomerulus. Similar deposits 
were found in the myocardium, the 
muscle fibers of which in the zones of 
deposition lost their striations and be- 
came necrotic (Figure 2 a). The dis- 
tribution of the deposits is consistent 
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Fic. 1. (a) Normal cortical glomerulus and tubules of rat treated with cortisone (Group 3) 
x 400. Periodic acid-fuchsin stain. 

(b) and (c). Similar sections of rats treated with cortisone + DCA (Group 6) x 400. (b). 
Periodic acid-fuchsin stain demonstrating a positive reaction in a crescent in the capsular 
space. (c) Trichrome stain: massive accumulation of the same glucoprotein surrounding and 
compressing the glomerular tufts. 

(d) Glomerulus of rat treated with DCA alone (Group 2) x 400 Periodic acid-fuchsin stain. 
Cellular proliferation and hypertrophy of the endothelium of the glomerular tuft and capsular 
membrane with formation of synechiae. Note absence of protein material from the capsular 
space. 
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with the view that this polysaccharide- 
containing protein may have originated 
in transudation of plasma protein, a 
concept supported in a degree by the 
observed increase in proteinuria. 

Some of the animals whicl survived 
treatment with DCA alone to the 30th 
day showed mesenteric arteritis**. The 
severity of these lesions was not in- 
fluenced by concurrent treatment with 
the other steroids given over this time, 
or by Lipo-adrenal extract. The absence 
of these lesions in Groups 6 and 7 
seems attributable to the brief course 
of experiment and cachexia. 

The shortcomings of the experiments 
in Groups 6 and 7 as tests of the pro- 
tective or curative effects of cortisone 
and hydrocortisone on DCA-vascular 
disease led us to devise the following 
experiment. Twelve uninephrectomized 
‘ats were divided into 2 groups, given 
each 2 implants of DCA and main- 
tained on 1% NaCl as drinking water. 
DCA uptake from the pellets was sup- 
plemented by weekly injections of 10 
mg. DCA in aqueous suspension. The 
presence of gross vascular lesions was 
verified by laparotomy and biopsy of 
the pancreatic or mesenteric arteries 
on the 35th day of the experiment. Cor- 
tisone was then given to 1 group of 6 
rats and hydrocortisone to the other, 
both in daily doses of 5 mg. The course 
of urine flow in these groups confirmed 
the observations described above for 
Groups 6 and 7: urine output averaged 
55 and 36 cc. in the 2 groups during 
treatment with DCA alone; on the 5th 
dav of combined treatment mean flow 
had increased to 70 cc. in the cortisone 
group and 49 ce. in those given hydro- 
cortisone. Over the same period arterial 
pressure increased from 197 to 220 mm. 
Hg after cortisone and 185 to 199 mm. 
Hg after hydrocortisone. 

Rats of each group were sacrificed 
daily in series, beginning on the 5th 
day of combined treatment. As com- 


AND OTHER STEROIDS IN 


THE RAT 18] 
pared with the biopsies (Figure 2 b), 
the first effect of treatment with either 
cortisone or hydrocortisone was disap- 
pearance of cellular elements from the 
vessel wall, which persisted as a ne- 
crotic mass which contained nuclear 
debris and occasional lacunae of unab- 
sorbed necrotic exudate (Figure 2 c). 
This state was followed by fibrous tis- 
sue repair (Figure 2 d), in spite of 
which the vessels remained grossly ab- 
normal. Thus, the effect of cortisone or 
hydrocortisone consists simply in a 
resolution of inflammatory phenomena. 
In contrast, the renal lesions caused by 
DCA were not modified by treatment 
with either cortisone or hydrocortisone. 
During the brief period of treatment, 
2 rats died while survivors lost weight 
rapidly. 

Discussion. These experiments con- 
firm our experience with DCA as a 
cause of hypertension and _ hyperten- 
sive vascular disease in rats; compound 
S and 2 biologically inactive com- 
pounds (pregnenetriolone and 17-hy- 
droxy-progesterone ) are added to the 
list of steroids which neither mimic nor 
oppose the action of DCA in rats. 
Lipo-adrenal extract in the doses used 
(0.4 ce. daily) is also inactive; a dose 
of 1 ec. daily has been reported as pre- 
venting DCA-induced increases of 
blood pressure, and of heart but not 
kidney weight®!; the masses of oil in- 
jected may have had a _ non-specific 
depressor effect. 

Cortisone has been reported as in- 
hibiting the onset of DCA hyperten- 
sion, but not the renal lesions caused 
by DCA in rats’ and as depressor in 
clinical essential hypertension?®-27, 
However, it has also been found not to 
alter the blood pressure in renal hyper- 
tension in rats'* and essential hyper- 
tension in human beings*; a survey of 
the field suggests that it increases ar- 
terial pressure under specific conditions 
of sodium intake**, renal damage':*! 


| 
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Fic. 2. (a) Myocardium of rat treated with hydrocortisone and DCA (Group 7). Phospho- 
tungstic-hematoxylin stain x 600. Deposits of protein material surrounding necrotic and -vacuo- 
lated muscle fibers. Normal fibers stain black. 

(b) Pancreatic artery of a rat treated with DCA demonstrating the acute lesion of arteritis 
present at biopsy. Hematoxylin-eosin stain. x 100. 

(c) and (d) Trichrome stain. Pancreatic arteries from rats treated with DCA and later (« 
given cortisone or (d) hydrocortisone. On the 5th day of cortisone treatment, all inflammatory 
cells have disappeared and the wall appears as an acellular red-staining mass which contains 
lacunae of necrotic exudate. On the 9th day of hydrocortisone treatment, the originally dis 
eased area, which occupied the adventitia and outer media is replaced by fibrous tissu¢ 
and the only cells found are resting fibroblasts. 
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and deprivation of adrenal function’, 
The experiments here reported were 
done in uninephrectomized rats main- 
tained on 1% NaCl; both cortisone and 
hydrocortisone were found to cause a 
small and persistent increase in arterial 
pressure of relatively rapid onset. This 
contrasts with the delayed and severe 
hypertension elicited by DCA. The 
data indicate that the slight pressor 
effect. of steroids is sometimes 
additive to the severe hypertension in- 
duced by DCA; what might be inter- 
preted as evidence of depressor activity 
appear only when the animals become 
cachetic and widely infected. The toxic- 
ity of combined treatment with corti- 
sone and DCA has been previously 
noted**-*s; it is not solely attributable 
cachexia and_ infection, 
but, as shown here, is associated with 
renal and myocardial lesions and with 
DCA sensitization to a de- 
leterious effect of cortisone brings to 
mind the sensitization to a toxic effect 
of renin-containing renal extracts also 
elicited by pre-treatment with DCA**; 
in both cases the lesions obtained are 
qualitatively different from those which 
result from treatment with DCA alone. 
It also recalls the toxicity of lyophil- 
ized and of 


these 


to increased 


anasarca. 


anterior pituitary ex- 
tracts thereof when given to ani- 
mals treated with DCA”. It may 


have a clinical equivalent in the pro- 
gressive renal damage noted in some 
patients with systemic lupus erythema- 
or renal disease’? under treat- 
ment with cortisone or ACTH. The 
mechanism in each case is obscure; the 
lesions in DCA-cortisone or DCA-hy- 
lrocortisone treated rats seem to arise 
na leakage of abnormal glycoproteins 
through capillary walls. 

Neither cortisone nor hydrocortisone 
urine flow when given 
lone, while both were unexpectedly 
mind to increase DCA-induced diure- 
is. This represent an increase 


tosus 


ugmented 


may 
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in osmolarity of tissue fluids, insuf- 
ficient in itself to cause polydipsia, but 
an adequate stimulus to animals whose 
hypothalamic thirst centers are already 
stimulated by DCA-saline treatment. 

The thiobarbituric acid index of cere- 
bral tissue has been considered an in- 
dex of adrenal cortical activity**; en- 
hancement of the index by Lipo-adrenal 
extract and cortisone and suppression 
of the effect by DCA are consistent 
with this view; the seeming effect of 
pregnenetriolone is not and, in each 
group, the variability of the index is 
so large and the number of observa- 
tions so few as to preclude statistical 
evaluation. Another incidental observa- 
tion is the effect of DCA in suppress- 
ing and of cortisone and hydrocorti- 
sone in maintaining ovarian and uterine 
weights and the estrus phase in spite 
of weight loss and malnutrition. This 
parallels similar observation made on 
male animals!®*?, 

The significance of urinary formalde- 
hydogenic corticoid assay in rats is not 
yet established, partly because of tech- 
nical limitations resulting from the 
small amounts of material available for 
analysis. Normal values of urinary 
formaldehydogenic corticoids are much 
smaller than those reported by others'® 
who measured reducing corticosteroids. 
This disparity is attributable to the 
ease with which rats’ urine is con- 
taminated with substances which are 
reducing but not formaldehydogenic. 
A positive finding is the augmentation, 
as if by synergistic action, of the out- 
put of urinary formaldehydogenic cor- 
ticoids when two formaldehydogenic 
steroids are simultaneously adminis- 
tered. 

We have shown that cortisone and 
compound F both cause resolution of 
the inflammatory exudate characteristic 
of mesenteric hypertensive arterial dis- 
ease in rats, while neither remedies the 
nephrosclerosis caused by DCA. Since 
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nephrosclerosis, hypertension and _ inti- 
mal thickening of arteritic vessels per- 
sist and edema or intrarenal bleeding 
may appear as complications, the ef- 
fect is therapeutic only in a very nar- 
row sense. The evolution of the DCA- 
hypertensive lesions under cortisone 
treatment resembles the response of 
lesions in clinical polyarteritis no- 
dosa®*° to this steroid and to ACTH. 
Subcutaneous administration of hy- 
drocortisone in water suspension has 
effects on arterial pressure, spread of 
infection, body weight, diuresis, urinary 
corticoids and proteins, renal lesions 
and hypertensive arteritis which paral- 
lel those of cortisone; in general, hydro- 
cortisone either alone or with DCA 
seems somewhat less injurious to the 
animals than cortisone. It has recently 
been shown in human beings that hy- 
drocortisone given as acetate, as in 
these experiments, is less active sub- 
cutaneously than orally and that the 
activity of the free steroid or of corti- 
sone acetate is much the same by both 
routes of administration’. Hence the 
differences here noted between corti- 
sone and compound F may reflect this 
property of compound F acetate and 
not the activity of the steroid as such. 
Summary and Conclusions. A toxic 
action of cortisone and hydrocortisone 
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acetates appears when these are given 
to animals treated with DCA; it is 
manifested by increased mortality, 
anasarta, hematuria, cachexia, infec- 
tion and renal and myocardial deposits 
of mucoproteins; both compounds are 
slightly and both augment 
DCA-induced diuresis and proteinuria; 
both cause resolution of the inflamma- 
tory component of DCA-hypertensive 
arteritis, but have no effect on nephro- 
sclerosis. 


pressor 


Assays of urinary formaldehydogenic 
corticoids show that administration of 
a single steroid had little effect on this 
function but concurrent dosage with 2 
formaldehydogenic corticoids, includ- 
ing pregnenetriolone, greatly augments 
it. Lipo-adrenal extract, cortisone and 
pregnenetriolone seem to increase cere- 
bral thiobarbituric acid index, while 
DCA is inhibitory. Cortisone and hy- 
drocortisone sustain uterine and ovar- 
ian weights, in spite of cachexia; these 
effects are suppressed by DCA. 

Lipo-adrenal extract, 17-hydroxy- 
progesterone and pregnenetriolone did 
not affect the course of DCA hyperten- 
sion in rats. As regards production of 
hypertension and vascular disease, 
compound § was again found to be in- 


active. 
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KHELLIN THERAPY IN ANGINA PECTORIS 


By Joun E. Srranc, M.D. 
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PHILADELPHIA, PENNSYLVANIA 


(From the Cardiovascular Department of the Pennsylvania Hospital, Philadelphia, 


Pennsylvania) 


Tue present therapy of angina pec- 
toris is frequently most unsatisfactory 
as evidenced by the various medical 
and surgical procedures advocated for 
use in this disease. The evaluation of 
the efficacy of any treatment for angina 
is equally unsatisfactory due to the 
many factors that must be considered 
with each individual patient—emotional 
stability, the psychologic effect of any 
new treatment, the varying physical 
limits each individual will attempt, pro- 
gression of the disease process, reduc- 
tion of weight, the use of tobacco, and 
even the weather--to mention a few. In 
an effort to study one of the newer 
drugs currently used in the treatment 
of angina pectoris, we have treated 
with khellin®, the active principle of 
Ammi Visnaga, 41 cases from the Car- 
diac Clinic of the Pennsylvania Hos- 
pital, over a 17 months’ period. 

Ammi Visnaga is a plant indigenous 
to the Mediterranean countries. Decoc- 
tions of its seeds have been used since 
ancient times as an antispasmodic in 
renal colic. In 1945 Kenawy and Bar- 
soum® reported on the clinical use of 
khellin in angina pectoris. Seven cases 
were followed with promising results. 
Anrep, Kenawy and Barsoum reported 
on 250 patients with angina pectoris 
treated with khellin in 1948'. One hun- 
dred and forty (56%) of the cases had 
a good response to khellin (attacks 


® The tablets ot khellin (“Eskel”, 40 mg. each) and the placebo were supplied through the 


ceased or very infrequent), 85 (34%) a 
moderate response (attacks diminished 
in frequency and severity) and 25 
(10%) no favorable changes. Experi- 
mentally, these authors found khellin 
to be 4 times more effective as a 
coronary dilator than aminophylline 
without increasing the work of the 
heart, cardiac output or lowering the 
systemic blood pressure. They feel that 
khellin, in therapeutic dosage, acts se- 
lectively on the coronary arteries and 
is characterized by a cumulative and 
prolonged action, absence of tolerance 
and a wide margin of safety. Its vasodi- 
lating action is less than that of amy] 
nitrite but is more prolonged. Ayad* 
reported the disappearance of anginal 
attacks in 14 out of 23 cases (61%) 
with marked improvement in 5 (22%) 
and with no change in 4 (17%). Rosen- 
man et al.§ produced definite improve- 
ment in 11 of 14 cases of angina pec- 
toris with moderate improvement in 1 
and no benefit in 2. Armbrust and 
Levine? in a series of 53 cases, found 
improvement in 60%. Greiner et al.® re- 
ported no difference between khellin 
and the placebo in 39 patients with 
angina of effort. 


Method of Study. The 41 patients with 
angina pectoris, of which 33 were male and 8 
female, ranging in age between 42 and 70 
years, were seen by various members of the 
Cardiovascular Department of the Pennsyl- 
vania Hospital usually at biweekly intervals. 


courtesy of Smith, Kline & French Laboratories. 
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Phe 


shown in 


heart disease represented are 
lable 1. All patients had complete 
urine analyses, blood serologic 
electrocardiograms and 
before starting treatment. 


types ot 


blood counts 


tor syphilis, 


tests 


orthodiagrams 


Other laboratory studies were obtained if in- 
dicated. The electrocardiograms were inter- 
preted as being within limits of normal in 


only 6 patients. Fifteen of the 41 patients had 
of previous 
myocardial infarction and 23 of the patients 
were receiving digitalis therapy. Exercise and 
anoxemia tests were performed in 9 cases. 
More frequent use of these tests was impos- 


electrocardiographic evidence 
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therapy, without the patient’s knowledge. The 
average time of study of the 41 patients was 
33 weeks. 


Results. As shown in Table 2, 2 (5%) 
of the 41 cases were definitely im- 
proved on khellin therapy as compared 
to the period when they were on place- 
bos or before treatment was started. 
Both of these had severe angina and, 
although never entirely free from at- 
tacks, the relief they obtained, accord- 


trocames of the coves ing to the aforementioned criteria, was 
disease in the majority of the patients. striking. Fifteen patients (37%) showed 
rABLE 1.—THE TYPES OF HEART DISEASE IN 41 PATIENTS WITH 
ANGINA PECTORIS. 
Coronary Luetic Rheumatic Congenital Total 
34° 5 ] 41 


* Eight of these patients also had hypertension. 


rABLE 2.—RESULTS WITH KHELLIN THERAPY IN 41 PATIENTS 
WITH ANGINA PECTORIS. 
Marked Questionable or Slight No 
Impr nent Change 
2(5% 15(37%) 24(58%) 


After 
itient 


base-line for each 
the following criteria were used by 
he examiners in evaluating the response of 
he patients: the number and severity of the 
nginal attacks with the precipitating factors 
known, the exercise tolerance, the number 

nitroglycerine tablets used, and the gen- 
ral well-being of the patients while on khellin 
d placebo therapy. With few exceptions, 
of illnesses, no sedatives 
vasodilators than nitroglycerine, 
concurrently with the 
ellin or placebo. Again, in almost every 
the patient was first placed on the 
cebo tablets, similar in appearance to the 
llin tablets, in an effort to minimize the 
hologic effects of a new drug. Khellin, 
rting with 1 tablet 3 times a day, was then 
stituted after several weeks of placebo 
rapy. 


he 


establishing a 


associated 
other 
administered 


se 


re 


tance 


length of time the patients were fol- 


d varied from 6 to 66 weeks. All except 
w of the cases have had at least 1 trial 
llacebo therapy averaging 2 to 4 weeks 
in duration and 17 had their khellin treatment 
more times with placebo 


rupted 


or 


possible or slight improvement while 
taking khellin. An interesting feature 
in several of these cases was the relief 
from night pain which they obtained 
with little or no effect on increasing 
their exercise tolerance or the number 
of nitroglycerine tablets used during 
the day. Twenty-four patients (58%) 
showed no beneficial changes while on 
khellin therapy. No particular type of 
heart disease with angina seemed more 
benefited than another, although it is 
interesting that the 2 cases with the 
best results were classified as having 
severe angina. Random blood counts 
on some of the patients during their 
course of khellin therapy showed no 
change over the control results. There 
was also no effect noted on the sys- 
temic blood pressure. 

Seven of the 41 patients died during 
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the period of study. As mentioned by 
Rosenman’, the problem of the patient 
increasing his activity following the 
relief of his pain with khellin with a 
resulting terminal accident may be an 
important one. However, only 2 of 
these 7 cases were at all benefited by 
the drug and it is not apparent from 
their records that any undue exertion 
or activity may have been a precipi- 
tating factor in their deaths. 

As previously noted, a single two- 
step exercise tolerance and anoxemia 
tests were performed on 9 of the 41 
patients in this series. The former was 
positive, according to the criteria of 
Master’, in 3 cases and the latter in 1] 


instance. Pain did not occur in any, 


case. A repeat exercise test on 1 of 
these patients while on khellin therapy 
remained positive. Repeat tests were 
not performed on the remaining cases 
because of the institution of digitalis 
therapy in 2 cases and the develop- 
ment of a bundle branch block in the 
remaining case. 

Side Effects. Nausea. vomiting, dizzi 
ness and insomnia constituted the main 
side effects noted in this group of pa- 
tients and some or all of these were 
prominent features in 17 (41%) of the 
41 cases. This usually occurred several 
days after khellin therapy was begun, 
although a few patients complained of 
the untoward effects soon after the in- 
gestion of the pills. For these reasons 
the patients were instructed to take the 
khellin following or during their meals 
and, in some, the dosage had to be re- 
duced to 1 tablet twice daily. This 
usually sufficed to minimize, although 
not always eliminate, the untoward re- 
actions. Only 1 patient was unable to 
follow this schedule and discontinued 
the treatment because of these side 
effects. Attempts to increase the daily 
intake to more than 3 tablets were 
usually unsuccessful due to gastroin- 
testinal upsets. Only 1 patient was able 
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to take 4 tablets daily over a long 
period of time. Rosenman‘ reported the 
occurrence of constipation or diarrhea, 
and’a vesiculo-papular eruption in 1 
and urticaria in another of his patients. 

Comment. In our group of patients 
we have attempted to utilize only cases 


‘in which the disease was chronic and 


relatively stabilized. There is a real 
paucity of such patients who are suit- 
able for clinical studies of this type 
The 41 patients were chosen from a 
much larger initial group. The severity 
of the coronary disease present in such 
anginal patients has been stressed by 
Blumgart, Schlesinger and Zoll*. Old 
coronary occlusions or narrowing of ] 
or more of the main coronary arteries 
were found in each of their 38 patients 
in whom angina pectoris was the pri 
mary cardiac symptom. In the majority 
of instances, old complete occlusions of 
at least 2 of the 3 main coronary ar 
teries were found. We believe the high 
death rate in our series attests to th 
severity of the underlying diseas 
rather than a failure of the therapeuti: 
agent. The variations in the number of 
patients with angina pectoris benefited 
by khellin, as reported by different in 
vestigators, has been mentioned. It 
serves, however, to emphasize th 
known exacerbations and remissions « 
the disease, the individual variations in 
response to a new drug and each p 

tient’s attitude toward his disease. Thus 
1 individual will attempt physical a 
tivity knowing it may precipitate 

anginal attack and use nitroglvceri 
when the pain occurs or use it pr 
phylactically. Another patient will r 
ognize his physical limits and will 1 


go beyond them, thereby avoiding 


use of nitroglycerine. Likewise. nitro- 
glycerine tablets are frequently used by 
various patients for attacks of 1 

turnal dyspnea without pain, arthritic 
aches, etc. As can be readily sen, 
therefore, there is a great lack of ob 
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jective criteria in evaluating the re- 
sponse to treatment in patients 
with pectoris. Exercise and 
anoxemia tests are of some aid but in a 
group of elderly clinic patients with 
severe angina, the majority of whom 
are on digitalis therapy, such tests are 
of limited value. The patient’s well- 
being and his personal impression of 
the treatment must be relied upon to a 
great extent. Thus the 2 patients who 
showed striking improvement in our 
series used fewer nitroglycerine tablets, 
increased their exercise tolerance and 
felt much improved on 
khellin. Those with slight to moderate 
improvement occasionally used as many 
nitroglycerine tablets while on khellin 


any 
angina 


subjectively 


as when on the placebo or on no treat- 
ment, but clinically they seemed im- 
proved or their attacks of angina were 
less severe and incapacitating. 

The lower percentage of improved 
this than in some 
others may also be due to the longer 
period of investigation in a disease 
with and remissions. 
However, a term evaluation of 


patients in series 


exacerbations 
short 


KHELLIN 


THERAPY IN ANGINA PECTORIS 189 
this type of therapy may give mislead- 
ing results. This was apparent to us 
when analyzing the results in our first 
few patients after 4 to 6 weeks of 
treatment. The need for a drug with a 
prolonged “dilating effect” is great for 
the treatment of patients with angina 
pectoris. In certain of these khellin 
may meet this requirement. It may 
even be more useful if the untoward 
side effects can be eliminated so that 
larger doses can be utilized. 

Conclusions. 1. Forty-one patients 
with established angina pectoris were 
treated with khellin over a 17 months’ 
period with marked improvement in 2 
(5%), questionable to slight improve- 
ment in 15 (37%), and no beneficial 
effect in 24 (58%). 

2. Nausea, vomiting, dizziness and 
insomnia were troublesome side effects 
in 17 patients. 

3. The difficulty in evaluating any 
method of therapy in this disease has 
been emphasized. Further well con- 
trolled and prolonged clinical studies 
with khellin are indicated. 


We are indebted to David S. Marshall II, M.D., and Peter T. Kuo, M.D., for assistance 


n this clinical study. 
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GLUCOSE ABSORPTION FROM THE DUODENUM IN 


PATIENTS WITH STEATORRHEA 
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Medical Service, Toronto General Hospital 


Ir is generally agreed that carbohy- 
drate absorption is interfered with in 
many of the conditions accompanied 
by steatorrhea, but it is difficult to de- 
termine the magnitude of the disturb- 
ance, or what part it plays in the pro- 
duction of the patient’s symptoms or 
disability. workers sug- 
gested that it may be of greater sig- 
nificance than is usually appreciated, 
and some even feel that it may be of 
more fundamental importance than the 
disturbance in fat absorption. Certainly 


some 


in our experience it has been possible 
to produce great amelioration of symp- 
toms and improvement in nutrition by 
measures which have not altered the 
patient’s ability to absorb fat. 

In an effort to gain further informa- 
tion on the subject, direct observations 
of the absorption of glucose from the 
duodenum have been made in 5 pa- 
whom the clinical diagnosis 
of steatorrhea has been confirmed by 
fat balance studies. Five patients who 
had gastrointestinal 
form a control group. The method used 
is similar to that described by Groen’ 
and the criterion used, the quantity of 
glucose absorbed in 30 minutes when 
100 cc. of a 15% solution is left in the 
and then 


tients in 


disturbances 


duodenum for 30 minutes 


aspirated. 


Method of Study. Fasting patients were 
intubated with a two-lumen Miller-Abbott 
tube with an inflatable balloon containing a 
small amount of mercury at the tip. The 


190 


balloon was inflated with 25 to 50 cc. of ait 
when it had been seen to enter the duo 
denum under the fluoroscope. It was then 
allowed to pass along to the duodeno-jejunal 
flexure, a point whic h can be lox alized with 
some accuracy, and its further progress was 
arrested by taking up the slack in the tubs 
and securing it to the patient’s cheek. At 
the same time the balloon was inflated by a 
constant 
approximately 40 cm. of water. Since peri- 


pressure device to a _ pressure of 
staltic activity is quite vigorous in this area 
it was often necessary to make further ad 
justments in the position of the balloon bs 
fore proceeding with the test. The fluoro 
scope table was then tilted so that the pa 
tient’s head was elevated 20 

horizontal, the patient placed in the 
position and asked not to move oO! 


ik. Then 100 ec of 


+ 
15 gm ot glucoss were 


degrees fron 
supine 
cough 
solution containing 
injected at the rat 
of 15 ce. per minute 
After 30 minutes this 
the patient given 100 cc. of water to drink 


was aspirated, an 
This was repeated at 5-minute intervals unt 
400 cc. had been given. Continuous aspit 
tion of the duodenum was carried out 
content of 
triplicat: 


Specimens 


30 minutes and the glucose 
the aspirated fluid 
Folin-W u 


juice were aspirated 


neasured In 
using the method 
gastric as the 
being withdrawn and in all cases these wer 
found to be free of glucose 

Case Material. A. STEATORRHEA PATIENT 
Case Z. ra, a 58-ve ir old male, was 
mitted with. a history of recurrent diarrh 
cramps for 


tube w 


for 35 vears and abdominal 
months. The patient was undernourished a 
disabled. The radiological appe 
ance of the small bowel was suggestive 
be nzid 


seve rely 


regional enteritis; the stools were 
positive. The fat output in stools was 30 g 
of 100 gm. Diagnos 
steatorrhea seconda 
a low fat diet only 
aged 45, was admitt 


daily on an_ intake 
regional ileitis, with 
Therapy consisted of 


Case 2. R.A., male, 


st 
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with a history of having 5 or 6 watery, foul- 
smelling stools daily for several years. He 
had a severe hemorrhagic tendency due to 
reduction of blood prothrombin. No specific 
therapy was carried out save slight restriction 
of fat intake. At the time of the test, the 
patient had been discharged from the hos- 
pital and was well-nourished, working and 
having little disability. On 100 gm. intake, 
the fat output in stools was 28 gm. daily 
on several widely separated occasions. Diag- 


nosis: idiopathic steatorrhea. 

Case 3. M.Z., a 28-year old male gave a 
history of having 3 to 5 unformed, light 
grey stools daily for 3 years. The fat con- 


tent of his stools was 25 gm. daily on an 
intake of LOO gm. He was in good condi- 
with few symptoms at the time of the 
test. He was treated by dietary means only. 
Diagnosis: idiopathic steatorrhea. 

Case 4. M.F., a 3l-year old male had been 
discharged from the army because of chronic 
bronchitis. He was admitted to the hospital 
later weight and 
weakness, and having 8 to 10 bulky, offen- 
sive, unformed stools daily. The fat output 
in his stools was studied over a prolonged 
period, and varied from 11 to 32 gm. daily 
on 100 gm. intake. He kept having short, 
sharp bouts of fever, each associated with 
the appearance of an evanescent non-specific 
skin eruption. Subsequently, after he had 
been transferred to the Veteran’s Hospital, 
tubercle bacilli were cultivated from 1 of 
lesions. With the administration of 
streptomycin his diarrhea cleared, and _ his 
improved greatly. How- 

been re-admitted with 
tuberculosis of the spine. He was severely 
l! and markedly under-nourished at the time 
hese tests were performed. Diagnosis: tuber- 
ulous mesenteric adenitis with 
teatorrhea secondary. 


tion 


years because of loss 


these 


reneral condition 


ever, he has since 


enteritis or 


Case 5. A.C., a 36-year old female who 
is admitted to the Ear, Nose and Throat 
ervice because of uncontrollable epistaxis. 


his was due to a marked depletion of pro- 


rombin, which responded to vitamin K. 
a history of recurrent bouts of 
diarrhea in the late summer and 
tumn for the preceding 4 years. She had 
d episodes of tetany and had a macro- 
tic anemia. The fat output in her stools 
ried between 10 and 27 gm. daily. She was 
good condition at the time of the test, and 
| been receiving 75 units of parenteral liver 
extract weekly. Diagnosis: idiopathic steator- 
thea. 


le gave 


vere 


3. CONTROL GROUP. Case 6. Female, aged 


1, no bowel symptoms, diagnosis: anxiety 
st te 
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Case 7. Male, aged 28, diabetic admitted 
for control of his disease. No gastrointestinal 
symptoms. 

Case 8. Male, aged 29, convalescent from 
acute hepatitis. No gastrointestinal symp- 
toms. 

Case 9. Male, aged 21, convalescent from 
poliomyelitis. No gastrointestinal symptoms. 


Case 10. Male, aged 46, convalescent from 
contact dermatitis, without evidence of other 
disease. 


TABLE 1.—RESULTS OF GLUCOSE AB- 
SORPTION TEST IN 5 CASES OF STEA- 
TORRHEA AND 5 CONTROLS 


Glucose 


Case - 
No. Injected Recovered Absorbed 
gm. gm. qm. 
Steatorrhea patients 
1 15 12.5 2.5 
2 15 13.4 1.6 
8 15 8.8 6.2 
4 15 11.0 4.0 
5 15 8.0 7.0 
Control cases 
6 15 x 13.9 
7 15 2.0 13.0 
8 15 2.3 12.7 
9 15 3.8 11.2 
10 15 0.6 14.4 


TABLE 2.—RESULTS OF GLUCOSE TOLER- 
ANCE TESTS; 100GM. PER OS, IN 5 CASES 
OF STEATORRHEA AND 2 CONTROLS 


Case Fasting hr. 1 hr. 2hr. = Shr. 
No. mg. mg. mg. mg. mg. 
Steatorrhea patients 
1 91 96 101 109 95 
2 78 84 86 67 69 
3 71 91 83 127 87 
+ 73 91 81 125 110 
5 83 72 64 67 «65 
Control cases 
9 90 120 130 110 95 
10 90 164 147 84 89 


Results. The results of glucose ab- 
sorption and glucose tolerance tests in 
the steatorrhea patients and control 
cases are given in Tables 1 and 2. 

Incidental Findings. There was a 
great reduction in the motility of the 
stomach and duodenum in the patients 
with steatorrhea. It took the balloon 
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much longer to enter the duodenum 
than in the control group, and the rate 
of advance in the duodenum was much 
slower. On 3 occasions the attempt to 
carry out the test had to be abandoned 
because the balloon did not reach the 
duodeno-jejunal juncture in 6 hours. 
When the glucose solution was in- 
jected in 2 patients (Cases 3 and 4) 
the third part of the duodenum ap- 
peared to become much dilated and 
to move downward. This was not seen 
in the other patients. 

Discussion. These results confirm 
those of Groen, who in 1938° found an 
impairment in glucose absorption in 
the upper intestine of 3 patients sufter- 
ing from “deficiency states”. One of 
these had idiopathic steatorrhea, and 
the others would appear to have sutf- 
fered from secondary steatorrhea judg- 
ing from the description of their 
symptoms. We have studied a smaller 
segment of bowel than she, confining 
our observations to the duodenum, 
while her technique includes the upper 
jejunum to a point which is reached 
by a balloon 50 cm. from the pylorus. 
This modification was made because 
we wished to study the portion of the 
intestine which plays the greatest part 


14,9,11 and because 


in glucose absorption 
we wished to avoid a possible error 
introduced by variations in motility of 
the intestine in different subjects. This 
might lead to an unpredictable degree 
of “telescoping” of jejunum over the 
balloon, and thus expose’ variable 
amounts of mucosa to the solution. It 
is interesting to note that our control 
group appeared to absorb glucose more 


efficiently than hers, since the other 


conditions of the test are comparable. 
In her communications** normal peo- 
ple absorbed between 7 and 9 em. 
with an average of 7.77 gm. 

The relationship which these find- 
ings have to the events which occur 
under physiological conditions must, of 
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course, be somewhat conjectural. The 
flat oral glucose tolerance test in these 
patients contrasted with the normal in 
travenous glucose tolerance curve, has 
already suggested that glucose absorp 
tion is delayed in patients whose 
steatorrhea is not of pancreatic origin, 
under the conditions of the test. It re 
mains to be seen what happens to the 
glucose which is ingested in a normal 
diet, or to that which is released by 
the digestion of starch. It would ap 
pear logical to assume that the ab 
sorption of this too would be delayed 
which would mean that glucose would 
reach the lower reaches of the small 
intestine in higher concentrations than 
normal, unless decreased motility com- 
pensated for the delay. In either cas 
it would be exposed to increased bac 
terial activity if one accepts the finding 
of Frazer® that the bacterial popula 
tion of the upper intestine is greatly 
increased in these patients. The process 
of absorption would then be further 
impeded by competition with bacterial 
fermentation, with the production of 
gases and irritating end products. This 
would account for the fermentative na 
ture of the stools and the distensior 
which so frequently characterize the 
patient with steatorrhea. However, di 
rect evidence on these points is yet t 
be obtained. 

It also remains to be seen why gli 
cose absorption in the duodenum 
delayed under the conditions of th 
test. It seems to have been establishe 
that glucose absorption is an activ 
process, and not a matter of mere diff 
sion, and that the function of the du 
denum is first to dilute it to a concer: 
tration of about 5% and then to absor 
it through a mechanism which invol\ 
The functi 
of the stomach appears to be meré 
that of diluting ingested glucose to 
concentration of 15% before allowing 
to pass into the duodenum, so tl 
the solution used in this experiment f 


i 
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within physiological limits. It has been 
that higher concentrations of 
glucose are absorbed any more 
rapidly from the upper intestine®13-1? 
and that the moderate 
amounts of fat in the intestinal contents 
does not affect the absorption of glu- 


show 


not 


presence ot 


cose! 

The diversity of this small group of 
patients with respect to severity of ill- 
ness and underlying cause makes. it 
difficult to believe that their poor per- 
formance in this test can be explained 
on a nutritional basis, or attributed to 
a specific deficiency state. Unfortunate- 
ly, the discomforts of the test have 
prevented us from making serial ob- 
servations which might have enabled 
us to assess the effects of various treat- 
ments. It is interesting to note that the 
umount of glucose absorbed did not 
bear any relationship to the degree of 
disability the patient was suffering at 
the time, nor does it correlate well with 
the oral glucose tolerance curves ob- 
tained on separate occasions. One 
might draw attention to the fact that 
the defect in fat absorption demon- 
strated in the fat balance studies was 
not proportional to the severity of the 
symptoms either, since it was of the 
ame order in all 5 patients. 
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Carbohydrate absorption has been 
investigated far more actively in celiac 
disease than in adult steatorrhea. One 
cannot be certain how far the 2 con- 
ditions can be compared, but they 
have a good deal in common, and it 
would appear likely that the disturb- 
ance is very similar, though the etiol- 
ogy may be different. In celiac disease 
a defect in glucose absorption has been 
noted by many workers*:'. It has been 
partly attributed to disturbances of 
motility of the stomach and intestine, 
but some degree of failure in the 
epithelial function is also suggested. 
These patients usually tolerate sugar 
in the diet well, but are often made 
worse when starch is fed. 

Summary. |. The absorption of glu- 
cose from the duodenum has_ been 
studied by means of a Miller-Abbott 
tube, with a balloon occluding the 
lumen at the duodeno-jejunal juncture. 

2. Five patients with steatorrhea of 
various types were found to absorb 
significantly smaller quantities of glu- 
cose than a control group, when 100 cc. 
of a 15% solution was left in the duo- 
denum for 30 minutes and then re- 
covered. 

3. The implications of this finding 
are discussed. 
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ANTISTREPTOLYSIN O AND ANTIHYALURONIDASE TITERS 


IN HEALTH AND IN VARIOUS DISEASES* 
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ELIZABETH RANDALL, M.A. 
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THERE has been great interest over 
the last decade in the measurement of 
antistreptolysin O in the serum of hu- 
man beings for the purpose of evalu- 
ating the role of hemolytic strepto- 
coccal infection in 


various disease 


states'’, Recently streptococcal anti- 
hyaluronidase has been estimated for 
similar reasons®*®, Many of these 
studies, particularly of antihyaluroni- 
dase, have been concerned principally 
with the pathogenesis of rheumatic 
tever. 

Relatively little information is avail- 
able as to the expected titers of the 
latter antibody in other disorders. For 
this reason an analysis has been made 
of the two antibodies as measured in 
the same sample of serum in 140 pa- 
tients. Rheumatic fever in various 
stages was present in 61 of these. The 
remainder were examples of other con- 
ditions. The information available in 
this laboratory as obtained from the 
study of 243 normal subjects of various 
ages is also included. 


Materials and Methods. Sera. Blood was 
drawn aseptically; serum was removed from 
the clot and stored in sterile glass tubes at 
—20° C. until used.*® The antistreptolysin 


O and antihyaluronidase titers of the col- 
lected sera were determined by methods pre- 
viously described’.11, The increments of anti- 
streptolysin O were <12, 12, 50, 100, 125, 
166, 250, 333, 500, 625, 833, 1250, and 2500 
units per ce. Those for antihyaluronidase 
were <20, 20, 100, 500, and 2500 units 


per cc. 


Results. Hratruy Susyecrs. The 
values for the serum antistreptolysin O 
and antihyaluronidase titers in 243 
healthy persons were available. Thirty- 
two of these were children, 120 were 
medical students, and 91 were older 
persons. The data are summarized in 
Table 1. 

The antistreptolysin O level was not 
dissimilar in children from 5 to 7 years 
of age and in those from 8 to 12. The 
mean titer in the former group was 
150 units per cc., and in the latte: 
was 184 units per cc. The values ar 
of the same order of magnitude but’ar 
lower than those obtained in a similat 
and larger group in 1947?°. Antihyalu- 
ronidase was not present in the 2 
age groups in comparable amount 
Younger children had substantially le 
(mean titer of 36 units per cc.) a! 
a higher incidence of very low titers 


* This study was aided by a grant from the National Heart Institute, National Institutes 


of Health, United States Public Health Service. 


** Drs. David Rytand, John Luetscher, and Quentin Deming cooperated by supplyi 
materials and records from many of the patients with renal disease, and Dr. John Anderson 
provided the materials from patients with rheumatic fever. 
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ANTISTREPTOLYSIN O AND 


than did older children (mean titer of 
127 units per cc. ) 

demonstrated 
that very low concentrations of these 
antibodies are the rule during the first 
years of life. Usually neither was pres- 
ent in measurable amounts in the 
serum of children from 6 to 24 months 


of age. 


Previous studies*:19.12 


ANTIHYALURONIDASE TITERS 
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tration of antihyaluronidase did not 
occur between the early and late adult 
periods. 

Levels of antistreptolysin or of anti- 
hyaluronidase of 500 units per cc. were 
distinctly uncommon in these healthy 
subjects. Higher titers were not en- 
countered at all. 

Rueumatic Fever. Information ob- 


ANTISTREPTOLYSIN 0 AND ANTIHYALURONIDASE TITERS IN HEALTHY 


HUMAN BEINGS OF VARIOUS AGES 


ANTISTREPTOLYSIN 0 AND STREPTOCOCCAL ANTIHYALURONIDASE 


Antistreptolysin 0 in units per cc 


Mean 


<i2 12 Ww 100 125 166 2°50 333 500 
1 ) 2 1 2 1 2 1 2 150 
6 2 1 184 
l 3 10 10 19 17 ) 3 102 
9 21 ) ( 2 | l - 46 
10 1S 9 2 ) - 2 - 48 


TITERS 


IN ACTIVE AND INACTIVE RHEUMATIC FEVER 


rABLE 1 
Antihyaluronidase—units/ce 
Total 
ige of Subjects Cases <%0 20 100 500 Mean 
Children 5 through 
7 years 4 36 
Children 8 through 
12 vears lh 5 S 2 127 
Medical students 120 32 46) 3S 4 58 
Adults 40 through 
1% years 20 IS 2 77 
Adults 50 througl 
vears it} 21 19 3 M4 
rABLE 2.—MAXIMUM 
Stage of Rheumatic inti 
Fever bod y* 5 
\cTive—Onset within AST 1250 S33 833 500 
)days. Ages 3through AHT 500 2500 500 500 
Active—Onset within AST 1250 S833 833 ~~ 625 
days. Ages 12through AHT 2500 2500 2500 500 
ACTIVE Duration great AST &33 625 625 500 
than 90 days. Ages 6 AHT 500 500 100 20 
rough 16 
INACTIVE For less than AST 500 500 333 333 
months AHT 100 500) 100) 500 
INactive—For more AST 333 2500 250 166 
than 4 years AHT 100 20 20 «500 
AST— Antistreptolysin 0 in units per ce. 
AHT— Antihyaluronidase in units per ce. 


The antibody levels in healthy med- 
ical students were intermediate be- 
tween the 2 groups of children. The 
mean antistreptolysin O titer was 102 
units per ce. and the antihyaluronidase 
titer 58 units per ce. 

(he antistreptolysin titers in persons 
between 40 and 60 years of age were 
distinctly lower than those in the pre- 
vious 3 groups. A decline in concen- 


Ca 
7 8 9 10 11 12 13 14 
250 250 200 m0 166 166 166 166 166 
20 500 500 100 500 100 
OO 500 333 250 166 166 
2500 500) 2500 500 500 
333 200 250 166 166 166 100 
500 100 100) 2500 100 100 20 
250 250 125 125 100 nO 12 
500 500 100 <20 20 100 = <20 
166 125 50 0) 50 50 12 12 
500 100 100 00 100 100 100 20 


tained from a study of 61 rheumatic 
subjects is presented in Table 2. 
Thirty-seven presented various degrees 
of activity. The diagnosis was made on 
clinical grounds and many had evi- 
dence of carditis since, in the absence 
of this manifestation of the disease, 
the nature of the illness often remained 
in doubt. Rheumatic valvular heart 
disease without signs of an active proc- 
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ess was present in 24 additional cases. 

The of the had _ oc- 
curred less than 90 days before the 
first observation in 25 cases of whom 
14 were children. In all of these the 
antistreptolysin titer was 166 units per 
cc. or more, Only half had levels great- 
than 250 per ce. The mean 
antistreptolysin O titer in 14 children 
was 398 units; in 11 adults it was 553 


onset disease 


er units 


levels were also elevated, usually to an 
extreme degree, so that titers of 2500 
units per cc. were discovered in 5, and 
of 500 in 14 cases. A concentration of 
20 units per cc. was the maximum level 
attained by 1 case, and no measurable 
antihyaluronidase was ever present in 
the serum of another, even though 3 
hemolytic streptococcal infections and 
1 recrudescence of rheumatic fever oc- 
curred during an 18-month period of 
observation. 

The antistreptolysin O and antihya- 
luronidase titers the 
group whose rheumatic had 
inactive for some time. They 
were lowest in the cases in which the 
disease had been quiescent for more 
than 5 years. In 6 cases the antistrep- 
tolysin titer had fallen to 50 units or 
less per cc. while the antihyaluronidase 
titers remained moderately high (100 
units per cc.). 

RHEUMATOID ARTHRITIS. The data ob- 
tained from the serological study of 18 
cases of acute rheumatoid arthritis are 


in 
process 


were lower 


been 
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rABLI ANTISTREPTOLYSIN 0 AND STREPTOCOCCAT 
JUVENILE AND ADULT 
D 
Ty D 
Act J AST 1250 250 2 
AHI 500 S00 
Acq Ap AST 333 50 50 
{ AHT 500 100 100 
AS] \ streptolysin titer in units per cx 
\HT—Antihyaluronidase titer in units per ec 
units per ce. The antihyaluronidase 
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presented in Table 3. The clinical diag- 
nosis was made in every instance be- 
cause progressive deforming arthritis 
was present. Those whose illness was 
of short duration are of special interest. 

The ot anti- 


streptococcal antibodies was low to 


serum concentration 
very low in 4 of 7 very early cases and 
very high in the other 3. Virtually no 
antistreptolysin O or antihyaluronidase 


ANTIHYALURONIDASE LEVELS IN 


the serum of 4 
cases of more than 6, but less than 12, 
months’ duration. 

The antibody levels in 8 chroni 


was demonstrable in 


5 and high in 3 


Large to very large amounts of anti 


cases were low in 
hyaluronidase in the presence of low 
titers of antistreptolysin were again 
observed in this group 

OTHER ARTHRITIC Arthritis 


several 


DISEASES. 
ot 


syndromes that have other common 


is a common manifestation 
facets. The antistreptococcal antibod) 
titers in 20 cases of this category ar 
presented in Table 4. The levels wet 
not definitely elevated beyond the e1 
pected normal range in any of 6 cas 
of lupus erythematosus disseminatus 01 
collagen disease of undetermined typ 
Substantial of t] 
other, or both, antibodies were prese 
in all but 1. High titers were detected 
in 1 of 5 cases of periarteritis nodosa 


amounts one or 


and very low concentrations in only 
The values in 5 cases of erythema 
nodosum were comparable to those in 


early active rheumatic fever. Neither 


ANTISTREPTOLYSIN O 


tuberculosis nor coccidioidomycosis 
was believed to be present as an etio- 
logical factor in any of these. 

Henoch-Schoénlein’s 
different in that anti- 
streptolysin O titers were elevated but 
no measurable antibyaluronidase was 
demonstrated. The antibody titers were 


very low in 2 cases of erythema multi- 


Two cases of 


purpura were 


forme. 

\cuTeE GLOMERULONEPHRITIS. The 
antibody levels in 17 cases of typical 
acute glomerulonephritis were deter- 
mined, The data are presented in Table 


AND ANTIHYALURONIDASE 
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5. In each there had been an acute 
onset of hematuria, usually associated 
with hypertension and often with 
edema. Very often there was a history 
of sore throat 3 or 4 weeks before the 
onset of the illness. Serum for im- 
munological study was obtained during 
the first month in every case. 

Ten of the affected 
children less than 14 years of age. The 
antistreptolysin O titers were 250 units 
per cc. or more in every instance, and 
625 units or more in 6. The mean titer 
was 887 units per cc. The antihyalu- 


persons were 


rABLI MANIMUM ANTISTREPTOLYSIN 0 AND ANTIHYALURONIDASE TITERS IN 
VARIOUS ARTHRITIC DISEASES 
inti 
dD hod y* 5 
| lisseminatue@ AST 250 16 2 12 
AHI 00 oo 100 
I As] S334 0) 12 
AH 100 100 20 
( e, type undetermined 250 
AH 100 ”) 
Er n AS 1250 SS 625 16 125 
AHT 500 S00 100 100 
Her = Purpura AST 
AHT 20 
Er f AST 12 12 
AH 0) 20 
As] Antistrey titer in units per ce 
AHT Antil ronidase titer in units per ec 
rABLI MAXIMUM ANTISTREPTOLYSIN 0 AND ANTIHYALURONIDASE TITERS IN ACUTE 
GLOMERULONEPHRITIS AND IN THE NEPHROTIC SYNDROME 
Ca 
in = 
AST 81250) 1250 «1250 1250 833 833 833 625 500 
\ AHI 500-2500 100 «2500 500 0) 500 500 
te r AST 200 166 125 
\g r AH 00) 100 500 
\s th AST 12 12 12 12 
Probab! ymerul AHT 100 20 
hrit 
dro 
x ter tl irs AST 12 12 <12 <12 <12 <12 
il glomerulonephritis AHT 2 <20 <20 <20 <20 
Ito2 AST 12 12 12 
bable ir | glomerulo AHT 20 20 
idrome 
6 to 50 vear AST 50 12 12 <12 <12 <12 <12 <a 
ial glomerulonephritis AHT 100 100) <20 100 20 20 <20 <20 


AST Antistreptolysin 0 titer in units per cc 
\HT—Antibyaluronidase titer in units per cc. 
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ronidase titers were also very high 
(500 units per ce. or more) in 7 of 
the 8 children. In 1, no measurable 
antibody was present. The results in 7 
adults were not greatly dissimilar but 
the antistreptolysin titers were not so 
strikingly elevated, the mean titer be- 
ing only 292 units per cc. Large 
amounts of hyaluronidase were present 
in every instance. 

NEPHROTIC SYNDROME. Sera obtained 
from 24 examples of the nephrotic 
syndrome were studied (Table 5). The 
disorder probably followed an acute 
glomerulonephritis in 7 cases. The on- 
set in the others was insidious. Amy- 
loid disease, multiple myeloma, and 
intercapillary glomerulosclerosis were 
excluded, insofar as possible, in every 


instance. Ten of the subjects were chil- 


dren and 14 were adults. The disease 
had been present for 1 to 15 months 
in all but 3 when the sera were col- 
lected. The mean duration of illness 
was about 9 months. 

The antistreptolysin O titers were 
uniformly low regardless of the nature 
of the onset, the age of the patient, or 
the duration of the illness. In only 1 
was the level greater than 12 
ec., and, in 12, less than 
measurable amounts were present. 

Antihyaluronidase was similarly ab- 
sent or demonstrated in small amounts 
in 21 cases. Concentrations of 100 units 
per cc. were discovered in 3. One of 
these was a child who developed the 
nephrotic syndrome within a _ few 
months after an acute nephritis. The 
other 2 were adults not clinically dif- 
ferent from the other cases. 

Discussion. Antistreptolysin O and 
streptococcal antihyaluronidase are be- 
lieved to be specific antibodies pro- 
duced by the contact of enzymatic 
products of the hemolytic streptococ- 
cus with the tissues of the infected 
human being. They are present in the 
serum of the newborn infant in amounts 


case 


units per 
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approximating those of the mother but 
disappear rapidly. Concentrations of 
both are uniformly too small to meas- 
ure at the sixth month of age. 

Fhe subsequent development of these 
antibodies has been described in pre- 
vious reports*:!*. There is a progressive 
increase in the vigor of antibody pro- 
duction with advancing age through 
the first years of childhood which may 
well be associated with conditioning of 
the antibody forming organs by re- 
peated contact the hemolytic 
streptococcus. Streptococcal hyaluroni- 


with 


dase appears to be a weaker antigen 
than streptolysin O. 

This paper catalogues the results of 
the measurement of these 2 antibodies 
in-a large number of healthy persons 
and in a number of disease states. 

Antistreptolysin O reached its peak 
during late childhood 
and then declined gradually so that 
low levels were the rule during the 
fifth and sixth decades. The highest 
mean concentrations of antihyaluroni- 
dase older 
children. Only small amounts were 
present in the sera of many healthy 
medical students. 


concentration 


were also discovered in 


A greater proportion of older persons 
had high or moderately high titers of 
antihyaluronidase than of antistrepto 
lysin O. The decrease in the mean level 
of the latter antibody after childhood 
was relatively much greater (circa four 
fold) than that of antihyaluronidas: 
(circa 1.5-fold). 

Many previous investigators have de 
scribed the presence of large amount 
of antistreptolysin O and antihyaluro 
nidase in acute rheumatic fever and 
similar results were obtained durin 
the present study. Every active cas 
accepted on clinical grounds for incl 
sion in the group had serum titers « 
antistreptolysin O of 166 units per c 
or more. Antihyaluronidase concentr 
tions were also high in all but 2 case 
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This antibody was never discovered in 
measurable quantities in the serum of 
| case. This argues against any essen- 
tial role of antihyaluronidase in the 
pathogenesis of rheumatic fever. 

Patients with early rheumatoid arth- 
ritis fell into 2 groups. The antistrepto- 
coccal antibody titers were low to very 
low in 70% and very high in 30%. Simi- 
lar results were recorded by others 
many years ago'*. These observations 
raise the possibility of infection by the 
hemolytic streptococcus as a precursor 
event in certain cases of rheumatoid 
arthritis. The hazards of immunological 
study as a differential diagnostic tool 
are emphasized. 

A number of of various of 
the diseases and re- 
lated disorders were studied. A prob- 
able association in the San Francisco 
area between most cases of erythema 
nodosum and infection by the hemo- 
lytic streptococcus was demonstrated. 

\ntistreptolysin levels were high in 
2 examples of Henoch-Schénlein’s pur- 
pura but antihyaluronidase was im- 
measurably low. This is of interest and 
should be investigated further. In no 
other subgroup were streptococcal anti- 
bodies consistently elevated or low 
with the exception of 2 cases of ery- 
thema multiforme in which very small 
amounts of both were present in the 
sera. It is not possible to exclude in- 
fection by the hemolytic streptococcus 
as of possible pathogenetic importance 
in certain cases of collagen disease on 
the basis of these observations. 

High concentrations of antistrepto- 
lysin and antihvaluronidase were dis- 
covered regularly in acute glomerulo- 
nephritis as previously noted’. The 
nean antistreptolysin O titers were 
higher when this disease occurred in 
hildhood than in any other situation. 
In 1 instance no antihyaluronidase was 
resent. 


cases 


other collagen 
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Excessively low antibody levels were 
encountered at all stages of the neph- 
rotic syndrome as was indicated be- 
fore by Lyttle*. The explanation of this 
fact is not forthcoming. It may be re- 
lated to a defect in formation or in- 
creased rate of destruction of antibody 
protein, or to a loss of this substance 
in the urine. A combination of these 
factors may play a role. 

The measurement of the various 
hemolytic streptococcal antibodies by 
many investigators has served to in- 
dicate the role of these organisms in 
the pathogenesis of a number of dis- 
orders including rheumatic fever, glom- 
erulonephritis, erythema nodosum, and 
Henoch-Schonlein’s purpura. The use 
of these techniques for diagnostic pur- 
the individual patient is 
fraught with many difficulties. Most 
important of these is the very frequent 
occurrence of high titers of these anti- 
bodies in the sera of healthy children 
from 5 to 12 years of age. Most of the 
which these studies are 
applicable have their highest incidence 
in this age group. 

Very low titers (50 units or less per 
ce. ), especially of antistreptolysin O, in 
the serum of the patient strongly sug- 
gests that 1 of these poststreptococcal 
disorders is not present. Elevated anti- 
body levels will rarely be of conclusive 
diagnostic Concentrations 
of antistreptolysin or of antihyaluroni- 
dase of 500 units or more per cc. will 
rarely be discovered in individuals 
who have not had a hemolytic strepto- 
coccal infection within the recent past. 
This information is often helpful in 
building a complete picture of the 
sequence of events in certain clinical 
situations. 

Summary. The serum antistrepto- 
lysin O and streptococcal antihyaluro- 
nidase titers were measured in a large 
number of healthy persons and in sev- 


poses in 


diseases in 


assistance. 
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eral disease states. The antibody levels 
rose to a peak in late childhood and 
then declined. Large amounts of 1 or 
both were present in early active rheu- 
matic tever, erythema nodosum. acute 
glomerulonephritis, Henoch-Schonlein’s 


ANTIHYALURONIDASE 


rITERS 


rheu- 
periarteritis 
nodosa. Excessively low concentrations 


and certain cases of 


arthritis 


purpura, 
matoid and 
were invariably present in the serum 
of patients exhibiting the nephrotic 
syndrome. 
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NirroceN mustard (HN2) has an 
injurious effect on normal hematopoie- 
tic tissue as well as on certain neoplas- 
tic tissue. However, the lack of selec- 
tive effect for neoplastic tissue limits 
the amount which can be used in ther- 
apy since large or repeated doses may 
produce a severe depression of the 
with development of 
anemia, leukopenia and thrombocyto- 
penia, associated with hemor- 
rhagic manifestations. Although the 
margin of safety is small, it is reported 
that the maximum effect on neoplastic 
tissue is produced by giving the largest 
HN2 that can be _ tolerated 
without toxic complications*. Presum- 
ably, then, it would be desirable to ob- 
tain a method for protection of the 
normal hematopoietic tissue without 
iffecting the injurious effect of HN2 
on neoplastic tissue. 

Administration of L-cysteine to rab- 
bits prior to the injection of HN2 
greatly diminishes the severe leuko- 
penia which is regularly induced by 
HN2*. This apparent protection occurs 
only if L-cysteine is administered prior 
to the HN2 and does not occur if it is 
injected immediately after the HN2. A 


bone marrow 


otten 


doses of 


study of some of the structural require- 
ments of compounds which prevent this 
leukopenia indicates that the presence 
in the molecule of reactive sulfhydryl, 
amino and carboxyl groups in close 
proximity is essential’. Certain other 
compounds with chemical structures 
similar to that of cysteine exert no pro- 
tective effect if the specific structural 
arrangement is modified or is not pres- 
ent in the molecule. Since these com- 
pounds are highly reactive with HN2 
in vitro but do not prevent leukopenia 
in vivo, it is unlikely that the effect of 
L-cysteine results merely from chemical 
inactivation of HN2. The effect of 
L-cysteine in modifying the neutro- 
penia in animals which are exposed to 
large amounts of irradiation® is further 
evidence that L-cysteine may protect 
against leukopenia in a specific manner. 
Accordingly, the protective effect of 
L-cysteine on HN2-induced leukopenia 
was studied in relation to the thera- 
peutic effect of HN2 in patients with 
neoplastic diseases. 


Methods. L-cysteine hydrochloridet was 
given intravenously to 30 patients and orally to 
4 patients with various neoplastic diseases 
(Tables 1 and 2) prior to the administration 


* This study was made possible by a grant from the American Cancer Society, recom- 
ended by the Committee on Growth of the National Research Council. 
+ Presented in part at the American Federation for Clinical Research, Atlantic City, 


fay 8, 1951. 


t The L-cysteine hydrochloride and the nitrogen mustard were furnished through the 
yurtesy of Merck & Co., Rahway, New Jersey. 
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of HN2° [methyl bis (beta chlorethy] 
hydrochloride]. For intravenous 
tion, L hydrochlorid« 
as a 20% solution in distilled water. The pH 
adjusted to 7.0 by the addition of ap- 
proximately 1.0 ce. of 30% 
i h 5.0 ec. of 20 


amine 
administra- 
cysteine was prepared 
was 
sodium hydroxide 
or ea cysteine solution. The 
was sterilized by Seitz 
1000 cc. of 5% glucose 


neutralized 
filtration 


> lution 
xed with 
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received a total of 0.4 mg. per kg., usually 
divided in 2 consecutive daily doses Table 
1). Seventeen patients 0.8 to 1.5 mg. per kg 


usually divided in 2 « 


(Table 2). 

Leukocyte differential 
pe rformed daily during the next 14 or more 
The 


and 


msecutive daily doses 


and counts were 


days ervthrocvte count, hemoglobin con 


tent hematocrit were determined at in 
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in water, and was administered intravenously tervals of 1 week. The platelet unt was 
by a slow drip over a period of 2 to 4 hours determined once a week in 24 patients a 
The amount of L-cysteine hydrochloride ad- changes in the number of platelets were 
ministered varied from 10 to 30 gm. prior t estimated by inspect f ver Ss fil 
( ich d se ot HNQ2. the usual dose be ing 15 in the remainder I ix l fal I tt 
to 20 gm. The patients receiving oral therapy _ total leukocyte and y T r t 
were given 10 to 15 gm. of powdered L-cys- was calculated as percent of the _ init 
teine hydrochloride in capsules swallowed  count.® The percent of fall occurring in pa- 
with milk tients receiving coml ned cysteine il HN2 
Immediately after the intravenous admin- therapy was compared with that ring 1 

istration of L-cysteine, or 1 hour after oral 25 patients with similar clinical nditi 
administration, a freshly prepared saline who had received a total of 0.4 mg. HN2 per 
solution of HN2 containing 1 mg. per cc. was kg. without cysteine 
injected intravenously. Seventeen patients The clinical status was evaluated by fol 


Initial count k 


Initial count 


west count 


4 
Per t fall 


cysteine and was occasionally entirely 
absent. Too rapid intravenous adminis- 
tration of cysteine resulted in nausea 
and vomiting which could be dimin- 
ished, but not always entirely elimi- 
nated, by decreasing the rate of ad- 
Nausea and _ vomiting 
rarely occurred following oral adminis- 
tration of cysteine in gelatin capsules. 
No other toxic manifestations were ob- 


t ministration. 


erved. 
Errect or L-CysTeEinE on LEvUKO- 
ENIA AND THROMBOCYTOPENIA. The 


hanges in the leukocyte count when 
-cysteine was given before HN2 are 
immarized in Table 3. In 25 patients 
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iowing changes in the temperature, bods with neoplastic conditions receiving 
ie. “y of tumor por teatro 0.1 mg. HN2 per kg. for 4 doses with- 

out prior administration of cysteine, the 
examinations, as well as by subjective changes 
of appetite, strength and well being. fall in the total leukocyte count aver- 
aged 79% of the initial counts and the 
Results. The severe nausea and _ fall in the polymorphonuclear leuko- 
vomiting which characteristically ac- cytes averaged 82% of the initial counts. 
companies the injection of HN2 was When L-cysteine was administered to 
reduced in most patients receiving patients prior to the injection of the 
rABLI PrHE EFFECT OF L-CYSTEINE ON THE LEUKOPENIA INDUCED BY LARGE 
DOSES OF NITROGEN MUSTARD 
Maz. fall Maz. fall 
in WEC's in PMN’s 
HIN? L-Cysteine ©, of initial (% of initial Thrombo- 
( D y./kg HCL (qm count count cytopenia Remarks 
Br ircinoma 0.5 20 <X 2 om Moderate No improvement 
B ir oma 04 x2 20 2 7 So None Dramatic improvement. 
Br ma 2 20 x 2 None Dramatic improvement. Re- 
gression of brain metastases. 
B ar ma 0 1 9] 9) Marked = Slight temporary improvement 
B ircinoma 0.5 1x2 71 Moderate Relief of pain. 
B ircinoma 1.0 X1 20 x1 sO “4 Moderate RelLef of pain. 
Br ircinoma 0 4X2 10K 2 6y 70 None Dramatic improvement 
B ar na 0.5 X2 0x2 SO 85 Moderate Dramatic improvement. Re- 
gression in metastatic lesions. 
B ircinoma 2 20 X 2 SO S7 Moderate Relief of pain. 
Br ircinoma 1.0 X1 20 x1 91 Moderate No improvement. 
B ircinoma 0.5 20 1 93 95 Marked No improvement. 
Br reinoma 0.4 10 X 2f M4 90 Moderate Moderate improvement. 
Br na 0 2 15 x2 SS 90 Moderate No improvement. 
M 05 20 X1 92 94 Marked Moderate improvement. 
Le 0.4 x2 15 X2 21 None Dramatic improvement. 
Re ma 10X11 20 <1 93 97 Marked Moderate improvement 
H 0.4x«2 15 X 2 SO 91 None Far advanced Moderate im- 
provement. 
Small cell bronchogenic carcinomas 
L-( lrochloride administered orally 


same total dose of HN2, the fall in the 
total leukocyte count averaged 52% of 
the initial counts and the fall in poly- 
morphonuclear leukocytes averaged 45% 
of the initial counts. Administration of 
10 to 30 gm. of L-cysteine prior to the 
injection of 0.8 to 1.5 mg. of HN2 per 
kg. (total dose) did not prevent the 
development of a severe leukopenia, 
the average fall in the total leukocyte 
and polymorphonuclear counts being 
83 and 86% respectively of the initial 
counts. In the 4 patients studied, oral 
administration of L-cysteine was as ef- 
fective as intravenous administration in 
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modifying the degree of leukopenia de- 
veloping after the injection of HN2. 

By comparison, the administration of 
300 to 500 mg. of L-cysteine per kg. 
to rabbits prior to the injection of 2.5 
mg. of HN2 per kg. resulted in an 
average fall in the total leukocytes of 
38% of the initial counts and an aver- 
age. fall in the polymorphonuclear cells 
of 32% of the initial counts. Injection 
of the same amount of HN2 to rabbits 
without administering L-cysteine be- 
forehand resulted in a fall in the leuko- 
cyte and polymorphonuclear counts of 
84 and 81% respectively of the initial 
counts (Table 3). 


TABLE 8 


Average Maximum Fall Average 


Nitrogen Mustard 
2.5 mg./kg. in Rabbits 


L-Cysteine Administered before 
2.5 mg. HN@ per kg. in Rabbits 
Nitrogen Mustard 
0.4 mg./kg. in Humans 


L-Cysteine Administered prior to 
0.4 mg. HN@ per kg. in Humans 


L-Cysteine Administered prior to 
0.8-1.5 mg. HN@ per kg. in Hu- 
mans 


In patients receiving a total of 0.4 
mg. HN2 per kg. after the administra- 
tion of L-cysteine, no appreciable fall 
in platelets occurred in 8 patients and 
a slight thrombocytopenia developed 
in 3. In the others a severe thrombocy- 
topenia was present as a result of the 
disease state before therapy was insti- 
tuted. There was no significant de- 
crease in platelets in 3 patients receiv- 
ing 0.8 to 1.5 mg. HN2 per kg. A mod- 
erate thrombocytopenia developed in 9 
and a marked thrombocytopenia in 5. 
Recovery to normal levels was rapid 
in those patients who developed throm- 
bocytopenia. 
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CLINICAL RESPONSE IN PATIENTS RE- 
CEIVING L-CYSTEINE Prion TO 0.4 MG. 
HN2 per kc. Prior administration of 
L-cysteine did not appear to modify 
the clinical effects which would have 
been expected from the HN2. Disap- 
pearance of fever, decrease in size of 
iymph nodes, decrease in pleural ef- 
fusions, improvement in appetite, 
strength and sense of well being were 
noted in 5 of the 6 patients with Hodg- 
kin’s disease. Striking clinical changes 
of improvement occurred even in those 
patients who developed only a moder- 
ate leukopenia (Fig. 1). No significant 
improvement was observed in patients 


EFFECT OF L-CYSTEINE ON MUSTARD-INDUCED LEUKOPENIA 


Vari mum Fall 


in WBC's in PMN’s 


> of initial count “. of initial count 
84 81 
88 32 
79 RY 
92 15 
83 if) 


and 7, (Table 1). These patients had 
terminal illnesses of Hodgkin’s disease 
and mycosis fungoides, respectively. 
In the 4 patients with acute monocy- 
tic leukemia who were treated with L- 
cysteine and HN2 there appeared to be 
a temporary remission of short dura- 
tion as evidenced by an increase in 
the sense of well-being, in appetite and 
in strength in each patient. Relatively 
good protection of the polymorphonu- 
clear leukocytes with marked depres 
sion in the number of circulating im 
mature monocytes occurred (Figs. 
and 3). A similar striking protectio1 
of neutrophils and disappearance o! 
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the abnormal mononuclear cells oc- 
curred in | of the patients with lympho- 
leukosarcoma (Patient 13, Table 1, 
Fig. 4). This patient and 1 of the pa- 
tients with monocytic leukemia (Fig. 
2) were treated with additional HN2 
without cysteine. No further clinical 
improvement was noted and a rapid 
fall in neutrophils occurred. 


of the lung and in 1 patient with 
squamous cell carcinoma of the esoph- 
agus (Patients 16 and 17, Table 1). 

CLInicAL RESPONSE IN PATIENTS RE- 
CEIVING L-CYSTEINE Prior TO 0.8 To 1.5 
Mc. HN2 per kc. Twelve patients with 
carcinoma of the lung were given L- 
cysteine followed by the injection of a 
total of 0.8 to 15 mg. HN2 per kg. 
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HODGKINS DISEASE 


Fic. 1. Combined cysteine and mustard therapy in a patient with Hodgkins disease. Fever 

disappeared, lymph nodes became smaller, reaccumulation of pleural effusion ceased and the 

patient's appetite, strength and sense of well-being improved. This beneficial effect was 
obtained despite a relatively small decrease in the leukocyte count. 


One patient with neuroblastoma was 
treated twice (Patient 14 and 15, Table 
|). There was rapid regression of the 
tumor masses, disappearance of ascites 
ind edema, return of the erythrocyte 
ount to normal, and increase in 
trength, appetite well-being. 
lhese beneficial changes were achieved 
vith relatively good protection of the 

ukoeyte count and persisted for 1 

ionth on each occasion. 

There was no significant improve- 

ient in 1 patient with adenocarcinoma 


Seven of the 12 had either squamous 
cell or adenocarcinoma and 5 patients 
had small cell carcinoma of the lung. 
Patients with either squamous cell or 
adenocarcinoma of the lung had little 
subjective and no objective improve- 
ment. However, pain resulting from 
bone involvement was relieved in 3 of 
these patients. Two patients had patho- 
logic fractures of lumbar vertebrae and 
had required repeated large doses of 
opiates. Following therapy there was 
marked reduction in the requirements 
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for opiates. The significance of these 
subjective changes is difficult to eval- 
uate. 

Four of the 5 patients with small cell 
carcinoma of the lung experienced 
rapid objective improvement following 
therapy (Patients 2, 3, 7 and 8; Table 
2). There was rapid regression of hepa- 
tomegaly and jaundice due to metasta- 
ses, improvement in neurologic signs 
due to cerebral metastases, and reduc- 
tion in due to 
diastinal compression. There was also 
improvement in appetite, strength and 
sense of well-being. The fifth patient 
(Patient 12, Table 2) had excellent 
subjective improvement with reduction 
in size of the lung lesion but without 
discernible decrease in the extent of 
the metastatic lesion in the liver. 

A good remission was obtained in a 
patient with lympholeukosarcoma (Pa- 
tient 15, Table 2). This patient had 
previously been treated with L-cys- 
teine and 0.4 mg. HN2 per kg. (Patient 
13, Table 1) with a good but tempor- 
ary improvement. Following a second 
course of therapy with L-cysteine and 
0.8 mg. HN2 per kg. (Patient 15. Table 
2) there was further improvement with 
decrease in size of lymph nodes, 
marked reduction in the number of cir- 
culating abnormal mononuclear cells 
and gain in weight and strength. De- 
spite the remarkable clinical imvrove- 
ment and the large dose of HN2 em- 
ployed, the fall in total leukocyte count 
was only 50% of the control count and 
the fall in the neutrophils was only 21% 
of the control count. During the course 
of therapy he developed pulmonary 
tuberculosis which was arrested with 
streptomycin therapy and bed rest. He 
is still alive and doing well 12 months 
after therapy was discontinued, with 
very little evidence for the presence of 
lympholeukosarcoma and no evidence 
of active tuberculosis. 


venous pressure me- 
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In 1 patient with reticulum cell sar- 
coma (Patient 16, Table 2), which had 
not responded to irradiation, there was 
significant regression in the tumor mass 
and general clinical improvement fol- 
lowing treatment with 1.0 HN2 
per kg. Relapse occurred within 4 
weeks after therapy, however. The pa- 
with breast 
nant thymoma and terminal Hodgkin's 
had no discernible 


tients carcinoma, malig- 


disease improve- 
ment. 

Discussion. Administration of L-cys- 
teine prior to HN2 resulted in a definite 
and frequently striking decrease in the 
leukopenia regularly induced by HN2. 
The protective effect was not as great 
nor as consistent as that occurring in 
healthy rabbits (Table 3). This may 
be attributed in part to involvement of 
the bone marrow and depletion of he- 
matopoietic tissue by neoplastic disease 
and in many instances to bone marrow 
radiation 
therapy. The sensitivity of human leu- 
kocytes to HN2 compared with rabbit 
leukocytes may also be a factor in the 
degree of protection attained. Thus, ap- 
proximately 5 to 6 times as much HN2 
per kg. of body weight is required to 
produce leukopenia in rabbits as in hu- 
mans. Despite this species difference, 
approximately the same amount of L- 
cysteine (300 mg. per kg. of body 
weight) was capable of modifying the 
leukopenia both in rabbits and man. 

Patients treated with 0.4 mg. HN2 
per kg. without cysteine occasionally 
develop only a moderate leukopenia. 
This was an infrequent occurrence in 
the control group of 25 patients, most 
of whom developed a severe leuko- 
penia. It is difficult to compare the 
degree of leukopenia obtained in this 
study with that reported in the litera- 
ture when HN2 is administered with 
out cysteine. In most instances it is 
stated that the leukocyte count falls 
to 1000 to 3000 cells/c.mm. without 


damage induced by prior 


EFFECT OF L-CYSTEINE 
stating the initial count***, However, 
the occurrence of leukocyte counts 
below 1000 per c.mm. with HN2 ther- 
apy is not infrequent and the develop- 
ment of severe leukopenia is a common 
observation. Statistical analysis reveals 
a significant difference between the de- 
crease in leukocytes in those patients 
treated with both drugs as compared 
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The difference in response of various 
types of leukocytes to HN2 when 
cysteine is administered beforehand is 
apparent. Of the normal cells, a slightly 
greater protection of neutrophils than 
of lymphocytes was obtained. It has 
been demonstrated? that lymphocytes 
are similarly more sensitive to radia- 
tion than are the granulocytes. The 
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Effect of combined cysteine and mustard therapy on the leukocyte count in acute 


monocytic leukemia. There was a marked decrease in the immature monocytes with good 
protection of the neutrophils. Injection of mustard without cysteine resulted in a prompt 
fall in neutrophils. 


with those patients treated with HN2 
alone. 

The presence of leukopenia usually 
requires that HN2 therapy be given 
cautiously, if at all. With prior admin- 
istration of L-cysteine, however, the 
usual doses of HN2 (up to a total of 
0.5 mg. per kg.) were given without 
untoward effects in the presence of 
pre-existing leukopenia. 


* We are indebted to Dr. George Badger for the statistical analysis. 


variable effect of L-cysteine on cellular 
sensitivity to HN2 especially 
notable in patients with acute mono- 
cytic leukemia and lympholeukosar- 
coma. The abnormal cells almost dis- 
appeared from the blood and bone 
marrow following combined therapy 
with L-cysteine and HN2, while there 
was only a minor decrease of the gran- 
ulocytes. In these cases, therefore, L- 


208 WEISBERGER, 
cysteine afforded more protection from 
HN2 to the normal granulocytic than 
to the leukemic elements. 

In neoplastic diseases not associated 
with the presence of abnormal cells in 
the blood and marrow, evaluation of 
therapeutic results is admittedly more 
difficult. Careful observation leads us 
to believe, however, that despite the 
prevention of severe leukopenia, appar- 
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promptly. The production of leuko- 
penia has been advocated as an index 
of adequate HN2 therapy. This cri- 
terion is not valid when L-cysteine is 
administered beforehand. 

The mechanism of the apparent se- 
lective protection of granulocytes is 
not known. The fact that abnormal 
cells are not protected to as great a 
degree, if at all, and the observation 


leukemia. The moderate 


] 
to the decreas« 


monocytk 


in immature monocytes. The 


occurred as measured both by objec- 


tive and subjective findings in the 
patients. Thus, there was disappearance 
of fever, decrease in size of tumor 


masses, and improvement in appetite 
and well-being, even when administra- 
tion of L-cysteine had afforded good 
protection of the leukocytes. Subse- 
quent therapy with HN2 alone in a 
few did not result in further 
clinical improvement although the ex- 
pected severe leukopenia occurred 
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Fic. 1. Combined cysteine and mustard therapy in a patient with Hodgkin's disease. Fever 


decrease in the total leukocyte 
relatively slight change in the 
compared to that of the immature monocytes is striking 


count was due primarily 
neutrophil count 


leukopenia resulting from Roentgen- 
irradiation makes it evident that the 
leukocyte protection is not achieved by 
direct partial or complete inactivation 
of HN2 by L-cysteine. It may be postu- 
lated that leukopenia induced by HN2 
or Roentgen-irradiation results 
inactivation or of some 
substance or substances necessary for 
normal leukocyte metabolism and that 
L-cysteine exerts a sparing or protec- 
tive effect by competition with HN2 


from 
destruction 


EFFECT OF L 


for the substance(s). The lack of pro- 
tective effect when L-cysteine is given 
after HN2 or Roentgen-irradiation ad- 
ministration, even immediately, indi- 
cates that destruction of L-cysteine it- 
self is not a factor. These and previous 
observations? suggest further that L- 
cysteine and closely related compounds 
containing sulfhydryl, amino and car- 
boxyl groups in close apposition may 


normally have a role in leukocyte 
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with the use of the large doses in dis- 
ease conditions which did not ordi- 
narily respond to smaller doses. Certain 
neoplastic conditions are not suscepti- 
ble to HN2 therapy and the use of 
very large doses did not overcome this 
lack of the conditions 
studied and in the dose range used. 
Thus, there was no regression of tumor 
masses or alteration of the course in 
patients with adenocarcinoma or squa- 
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metabolism, although definite proof of 
this is lacking at this time. 

The combined use of L-cysteine and 
HN2 permitted the administration of 
up to 1.5 mg. of HN2 per kg. of body 
weight without the occurrence of ap- 
preciably greater leukopenia or throm- 
bocytopenia than was usually encoun- 
tered with the customary smaller doses 
(0.4 mg. HN2 per kg. body weight) 
given without L-cysteine. No signifi- 
cant therapeutic effect was obtained 


213 465 6 I7 18820 


Effect of combined cysteine and mustard therapy on the leukocyte count in lympho- 
leukosarcoma. The relatively good protection of neutrophils is striking. Administration of 
mustard without cysteine results in the prompt development of neutropenia. 


mous cell carcinoma of the lung, termi- 
nal cases of Hodgkin’s disease and in 
radio-resistant reticulum cell sarcoma. 
Significant relief of pain did occur in 
the patients with metastatic bone le- 
sions due to adenocarcinoma and 


squamous cell carcinoma of the lung. 

The use of large doses of HN2 re- 
sulted in measurable improvement in 
the patients with small cell carcinoma 
of the lung and in 1 patient with 
It cannot be 


lympholeukosarcoma. 
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stated definitely that the amount of 
benefit derived was any greater than 
that which might have been obtained 
with the customary dosage. Further 
therapeutic trial is indicated to deter- 
mine whether large doses are more 
effective than the more customary 
doses in conditions usually responding 
to HN2 therapy. 

Within the dose range used, larger 
amounts of L-cysteine did not afford 
greater leukocyte protection. About 
the same degree of protection was 
afforded by 10 gm. as by 30 gm. given 
intravenously before each injection of 
HN2. However, since 2 to 4 hours 
were required to administer the ma- 
terial intravenously, it is possible that 
much of the L-cysteine might have 
been excreted or metabolized before 
the HN2 was administered. Determina- 
tions of the blood free-sulfhydry] level! 
in 5 patients following cysteine admin- 
istration have not shown any signifi- 
cant increase in sulfhydryl concentra- 
tion. This may be due to rapid re- 
moval from the blood stream with 
prompt tissue or cellular saturation. 

Oral administration of L-cysteiné 
was used because of its simplicity and 
because it was thought that adminis- 
tration of a single large oral dose might 
result in higher blood levels than could 
be obtained with the slower intraven- 
ous administration. There is no ques- 
tion that orally-administered L-cysteine 
was effective, although in the few cases 
studied there was no significant change 
in blood sulfhydryl levels. At the pres- 
ent time, powdered L-cysteine HCL is 
being given in capsules in doses of 10 
to 15 gm. 1 hour prior to administration 
of HN2. Preliminary results indicate 
satisfactory modification of leukopenia 
as well as considerable reduction in the 
nausea and vomiting associated with 
HN2 therapy. The ease with which 
L-cysteine may be administered in this 
manner makes it readily adaptable for 
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routine use. The use of larger doses is 
complicated by the acidity of L-cys- 
teine hydrochloride while neutralized 
solutions are excessively hypertonic. 
Use of other salts might obviate these 
difficulties, making oral administration 
of larger doses possible if it proves to 
be desirable. 

The cellular effects of HN2 and irra- 
diation are known to be similar. The 
parenteral administration of L-cysteine 
has been shown to modify the leuko- 
penia induced by either HN2 or irradia- 
tion in animals®:’. Since oral L-cysteine 
modifies HN2-induced leukopenia in 
humans without any apparent modifica- 
tion of the beneficial therapeutic ef- 
fects, it may similarly be effective in 
radiation therapy. The effect of oral- 
L-cysteine on the beneficial aspects of 
radiation therapy as well as on the 
leukopenia induced by irradiation is 
therefore investigated. 

The results strongly suggest that ad- 
ministration of L-cysteine prior to the 
injection of HN2 affords selective pro- 
tection of granulocytes or granulocyte 
precursors without providing the same 
protection to malignant cells. The dif- 
ficulties in establishing beyond doubt 
the differences between degrees of pro- 
tection of various normal and malignant 
cells are recognized so that further ex- 
perimental well as pro- 
longed clinical observation are neces- 
sary. Results obtained thus far, how- 
ever, indicate that the prior adminis- 
tration of L-cysteine offers some prac- 
tical benefit in the use of HN2 therapy. 

Summary. The administration of L- 
cysteine prior to the injection of nitro- 
gen mustard (HN2) decreases and 
modifies the severe leukopenia and 
thrombocytopenia usually induced by 
HN2. In addition L-cysteine causes re- 
duction in the nausea and vomiting 
which occurs following the injection 


of HNQ. 


evidence as 
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Despite the modification of leuko- 
penia when L-cysteine is administered 
prior to HN2, there is no apparent 
diminution of the beneficial therapeutic 
effects of HN2 in the therapy of various 
malignant diseases. The results suggest 
that there is a selective protective ef- 
fect on granulocytes without protection 
of malignant cells. Further clinical and 
experimental study is necessary to es- 
tablish this beyond doubt. 

The mechanism by which L-cysteine 
modifies HN2-induced leukopenia is not 
known. It is suggested that L-cysteine 
and related compounds may have a 
role in leukopoiesis. 
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The combined use of L-cysteine and 
HN2 permits the administration of large 
doses of HN2 without inducing any 
greater leukopenia or thrombocyto- 
penia than is usually encountered with 
customary amounts of HN2. The use of 
large doses of HN2 has not resulted in 
significant benefit in any group of dis- 
eases not usually benefited by HN2 
therapy. The extent to which large 
doses of HN2 benefits cases ordinarily 
susceptible to HN2 therapy requires 
further study. 

The results obtained thus far indi- 
cate that administration of L-cysteine 
prior to HN2 therapy offers some prac- 
tical benefit. 
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THE current interest in the role of 
dietary cholesterol in the pathogenesis 
of arteriosclerosis has been markedly 
increased by the reports of Gofman?*.7* 
implicating certain cholesterol contain- 
ing lipoprotein molecules in the athero- 
sclerotic Recently, such tre- 
mendous emphasis has been placed on 
the value of low fat. low cholesterol 
diets in retarding the of 
that in some meta- 
bolic circles a man is looked on with 
considerable suspicion if he is so fool- 
hardy as to appear to enjoy eating 
butter, 
terol-containing foods?®. 

There can be no doubt that choles- 
terol plays a major role in the develop- 
ment of atherosclerosis. Leary in 1941 


process. 


progress 
atherosclerosis!*:27 


eggs cheese other choles- 


or 


in summarizing many years interest in 

this field indicated that the association 
between cholesterol and atherosclerosis 

fulfills Koch’s postulates: 

1. Excess cholesterol is always pres- 
ent in the active stages of human 
atherosclerosis. 

.Cholesterol can be identified and 
extracted from human lesions. 

3. Atherosclerosis can be reproduced 
in animals more exactly than can 
many human infections in suscep- 
tible animals. 

.Cholesterol can be identified and 
extracted from these experimental 


bo 


lesions. 
Perhavs because of the now incon- 
trovertible evidence presented by num- 
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1, 1951 meeting of the American Association 


erous investigators over years 
demonstrating the relationship between 
cholesterol and 
clinicians and not a few investigators 
have been beguiled into placing simi- 
lar significance, so far as the develop- 
ment of 
on the words “cholesterol” and “dietary 
cholesterol.” The ini- 
tially by Bloch and Rittenberg® and 
later by Gould?’ and Brady and Gurin"' 
that the body synthesized cholesterol 
from as small radicles as acetate de- 
rived from non-cholesterol containing 
food stuffs, effectively indicated that 
so far as the body is concerned, the 
blood and tissue cholesterols may have 
as their ultimate source non-cholesterol 
containing foods from the diet. The 
observations of Chaikoff et al." 
vide additional weight to this concept 
by demonstrating that atherosclerosis 
may develop in birds on a diet totally 
devoid of cholesterol and, indeed, the 
cholesterol may actually be synthesized 
within the artery itself®®. 

The tabulation of Rosenthal®? in 
1934 indicated that races customarily 
eating high fat diets had in- 
creased incidence of atherosclerosis and 
Eskimos and Japanese, with sunposedly 
a low fat intake had less. Snapper 
also commented on the low incidence 
of this finding in Chinese. Recently, 
Steiner® noted the low incidence of 
atherosclerosis in Okinawans, and Cul- 
lumbine™ in the These 


many 


atherosclerosis, many 


arteriosclerosis is concerned. 


demonstration 


pro- 


an 


Ceylonese. 
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findings must be accepted with some 
reservation as the life expectancy and 
general nutritional state of all these 
groups is very significantly lower than 
the average in this country. Cullum- 
bine noted that in 1946 the life expec- 
tation of a Ceylonese male was 44 
years. 

Wilens®® in examining 395 obese per- 
sons, 372 of average nutrition and 483 
poorly nourished individuals at ne- 
cropsy found almost twice as many of 
the poorly nourished group to be essen- 
tially free of atherosclerosis as the 
obese group. This report also indicated 
that in non-hypertensive persons under 
65 years of age thee was no significant 
difference in the occurrence of athero- 
sclerosis in those of average nutrition 
compared to the poorly nourished 
group. Similarly Garn, Gertler, Levine 
and White** in studying 97 men who 
had experienced a myocardial infarct 
prior to age 40 and 146 healthy men of 
comparable age and occupation failed 
to find the group with infarction to be 
overweight than the controls. 
Despite this, recent reports!* cal] 
attention particularly to the decreased 
incidence of atherosclerotic vascular 
disease in countries with a low dietary 
fat intake as a result of wartime re- 
strictions. 

CHOLESTEROL TOLERANCE TEsTs. At- 
tempts to demonstrate significant dif- 
ferences in the ability of an individual 
to handle cholesterol have been made 
for many years. Bing and Heckscher? in 
1924 noted more than the usual hyper- 
lipemic reaction after the ingestion of 
fat in diabetics with normal post-ab- 
sorptive serum lipids. Since that time 
many workers have attempted to de- 

ise acute cholesterol tolerance tests 
vithout uniform success?®:13-15.20,21,35,86, 
i2,49,58,67 workers, however, 
1ave demonstrated moderate increases 
n blood cholesterol levels with pro- 


more 
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longed cholesterol feeding®*. Okey 
and Stewart‘? and Steiner and Do- 
manski® were able to produce in- 
creases in blood cholesterol by feeding 
large amounts of egg yolk over a period 
of several weeks. Plotz®® reported an 
increased severity of coronary symp- 
toms in patients with coronary disease 
who were placed on a high fat diet in 
the course of peptic ulcer therapy. 
Recently, Messinger, Porosowska and 
Steele** have implicated in egg yolk 
an as yet unidentified substance which 
is not cholesterol but which elevates 
the cholesterol level of human sera. 

The present author studied the 
changes in total serum cholesterol, 
cholesterol esters, and lipid phosphorus 
in 35 young pregnant women on an 
accurately recorded diet from the fifth 
month of pregnancy to term and in 
30 similar women receiving the same 
diet plus 2 additional grams of choles- 
terol supplied in fancy chocolate candy. 
This quantity of cholesterol is approxi- 
mately equivalent to the cholesterol 
contained in 2 eggs, plus 4 quarts of 
milk, plus 8 pats of butter and a pound 
of fat meat daily**. No discernible rise 
occurred in any of these lipid fractions 
over that observed in the normally fed 
group (Table 1). Furthermore, no 
alteration in the level of S,; 10—20 mole- 
cules was induced in these pregnant 
women by feeding 2 gm. of additional 
cholesterol. 

Low CHOoLEsTEROL FEEDING. In ad- 
dition to the workers previously 
cited'*1%.27 several others have been 
impressed by the blood cholesterol 
lowering value of a low cholesterol 
diet®**!, Kempner*? and more recently 
Starke®? have been able to lower total 
cholesterol levels by the anti-hyper- 
tensive rice diet. In 79 patients Kemp- 
ner noted an average fall from 243 to 
186 mg. per 100 cc. and Starke was 
able to lower the total and esterified 
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cholesterol in 149 of her 154 patients. 
Morrison*® and Priddle®* have also re- 
ported lowering of blood cholesterol 
levels on a low cholesterol intake. Mel- 
linkoff et al.** provided 2200 to 2400 
low fat calories (protein hydrolysate 
and dextrimaltose) to patients with 
gastrointestinal tract disease and were 
able to effect lower blood cholesterol 
values. 

Steiner®*.“* has recently reported an 
average increase of 54 mg. per 100 cc. 
in 5 patients with coronary arterio- 
sclerosis given 100 gm. of egg yolk 
powder daily for 6 weeks. In 20 pa- 


TABLE 1. 


CHOLESTEROL 


SERUM CHOLESTEROL, LIPID PHOSPHORUS AND 5S, 
PREGNANT WOMEN ON A NORMAL DIET 


AND ATHEROSCLEROSIS 

cholesterol content of the plasma in 
obese patients placed on sharp fat and 
caloric restriction. This has been con- 
firmed in children*®? and recently in 
patients receiving 600 to 800 calorie 
reducing diets®*. Brown et al.'* reported 
1 subject who was kept on a diet of 
approximately 2 gm. of fat per day 
for 6 months without exhibiting any 
change in the total blood fatty acic 
or cholesterol. 

In studying a kindred of 83 persons 
in which essential familial hypercholes- 
Wilkinson et 
al.*° demonstrated no relation between 


terolemia was present 


10-20 VALUES IN 


AND THE SAME DIET SUPPLEMENTED 


BY 2 GRAMS OF CHOLESTEROL IN FANCY CHOCOLATE CANDY DAILY. 
Average 
Average Serum 
Average Serum Lipid 
lotal Serum Chol. Phos- 
Month Chole- Esters phorus Cholesterol / Sf 10-20 
of sterol mg/100 mg/100 Lipid mg/100 ml 
Preg- mg/100 ml ml. ml. Phosphorus 
nancy Normal Chol. Fed Normal Chol. Fed. Normal Chol. Fed Ratio 
5 235 202 17] 145 12.1 11.4 18.0 16.4 
6 227 214 162 148 1 11.6 17.6 18.4 13 53 
7 240 192 167 136 ] ‘i.3 18.1 18.1 33 46 
8 250 224 178 158 l 12.0 18.4 19.0 56 16 
9 257 223 77 154 ] 125 18.2 18.3 18 3 
Post- 
partum 244 227 170 134 13.6 12.7 18.1 18.1 67 19 


tients fed from 4 to 26 months on a low 
cholesterol diet from which butter, egg 
yolk, cream, and fatty meats were ex- 
cluded but oleomargarine per- 
mitted, he reports the preliminary re- 
sults indicate the serum cholesterol to 
be significantly lower in 13 patients, 
slightly lower in 6 and unchanged in 
one. The fluctuations in serum choles- 
terol levels were also less marked on 
this regimen. 

Many other workers, however, have 
not been able to produce significant 
lowering of blood cholesterol levels by 
even rather drastic dietary restriction 
of fat. Poindexter and Bruger™ in 1935 
failed to note any alteration in the 


was 


the absolute amount of carbohydrate, 
fat, protein, and cholesterol in the diet 
or the percentage of the total calories. 
provided by the various dietary con- 
stituents and the level of the total 
serum cholesterol. 

In a comparative analysis of the 
dietary histories of 139 healthy males 
and 90 males who develoned myo- 
cardial infarction prior to the age of 
40, Gertler, Garn and White** found 
the average quantity of cholesterol in 
gested by the healthv group to be 3.85 
gm. + 1.46 and in the myocardial in 
farction group to be 3.30 gm. + 1.41. 
No definite relation evident be- 
tween the quantity of cholesterol in- 


was 
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gested and the serum cholesterol level. 

Keys and co-workers* in studying a 
large number of healthy males on a 
diet containing either less than 2 or 
more 3 gm. of cholesterol per 
week demonstrated that the blood 
cholesterol level is independent of the 
intake over a wide range, but with ap- 
proximately zero cholesterol intake the 
blood cholesterol level falls at a rate 
related to the initial height of the 
cholesterol level. In 1 of his subjects 
with after a 
sharp fall in serum cholesterol levels 
on an extremely low fat and choles- 
terol intake, the addition of cholesterol 
free vegetable oil to the diet, resulted 
in a rapid return of the serum choles- 
terol to its previously high levels. This 
cholesterol elevating effect of vegetable 


than 


hypercholesterolemia, 


oils has been noted by other observers 
both in animals! and man** and em- 
phasizes the importance of an absolute 
restriction in total fat and not of cho- 
lesterol alone if a lowered serum choles- 
terol is desired**, 

Hatch and Kendall*®® have recently 
35 hospitalized patients 
hypertension 
maintained for a control period of 4 
to 18 weeks upon a salt poor diet. 
52 mEq. Na) providing 85 gm. of fat 
and 1 gm. of cholesterol per day. Fol- 
lowing this the basic Kempner rice 
diet was administered for periods of 
from 4 to 20 weeks. This diet provided 
1800 to 2400 calories with only 30 gm. 
of protein and 3.4 gm. of lipid ma- 
terial including 0.1 gm. of digitonin 
precipitable sterol of plant origin. They 
found this diet produced highly vari- 
able effects upon the serum lipid pat- 
tern although in no case did the levels 
on the restricted diet decrease below 
the normal range. They reported that 
instead of the decrease in level of S, 
12—20 class particles induced by the 
conventional low-fat, low cholesterol 
diet, the rice diet evoked a variable 


reported on 


with severe essential 
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response with substantial increases in 
S; 12—20 level in 5 cases, a constant 
level in 5 and decreases in only 2 pa- 
tients. 

These authors*® observed the excre- 
tion of digitonin precipitable sterols in 
amounts far in excess of the plant 
sterol content of the rice diet and but 
little lower than that of the normal 
diet. They conclude that this provides 
proof of continuing endogenous sterol 
synthesis. The serum patterns and their 
demonstration of the conversion of the 
carbohydrate (rice) intake in excess 
of caloric needs into storage fat as 
judged by changes in body weight, 
total body water and post absorptive 
respiratory quotient changes provide 
these investigators indirect clinical evi- 
dence that the metabolism of all these 
lipids continues uninterruptedly after 
the exogenous supplies are cut off. 
Their findings do not support the view 
that a reduction in the quantity of cir- 
culating lipids can be achieved by sub- 
stituting other foodstuffs for dietary 
fat. 

Beck, Benedict and Lawrence® have 
recently reported the changes in the 
blood lipid fractions induced in 8 
normal males by 4 weeks on a daily 
diet supplying approximately 1900 
calories with 3 gm. of fat, 70 gm. of 
protein including supplements and 400 
gm. of carbohydrate followed by 2 
weeks on a similar 2600 calorie diet 
except that approximately 90 gm. of 
fat was supplied as sterol-free vege- 
table fat. All their subjects lost weight 
and had a fall in the total serum chol- 
esterol during the period of fat re- 
striction. The phospholipid-cholesterol 
ratios were also increased possibly due 
to an increase in serum phosphorus as 
well as the decrease in cholesterol. The 
addition of sterol-free vegetable fat to 
the diet resulted in prompt return of 
serum cholesterol and phospholipid- 
cholesterol ratios to pre-treatment 
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levels. The levels of S,; 10—20 mole- 
cules in these subjects fluctuated 
greatly and showed no correlation with 
the intake of dietary fat (Table 2). 
These observers were impressed by the 
difficulties of providing adequate pro- 
tein and calories in palatable form on 
this reduced fat regimen and doubt 
that.a strictly fat free dietary would 
be either practical or desirable. 
Discussion. From the data herein re- 
ported there can be no doubt that 
cholesterol plays a major role in the 
development of atherosclerosis. There 
also seems to be no doubt that the body 
can abundantly synthesize cholesterol 


CHOLESTE 
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serum cholesterol levels also must re- 
ceive more study. 

In attempting to the 
significance of dietary 
intaké on the level of the blood choles- 
terol, it must be recognized that nor- 
mally considerable spontaneous varia- 
tion in blood cholesterol occurs®®:47:*9 
and that these fluctuations are particu- 
larly labile in subjects with clinical 


determine 
variations in 


evidence of vascular disease®***. To 
ascribe importance to changes in blood 
induced by 


cholesterol alterations in 


the diet, variations of greater magni- 
tude than those spontaneously occur- 


ring must be recognized. 


TABLE 2. AVERAGE TOTAL CHOLESTEROL, LIPID PHOSPHORUS AND §S,_ 10-20 
MOLECULES IN 8 ADULT MALES AND A NORMAL FAT RESTRICTED, AND STEROL- 
FREE VEGETABLE FAT CONTAINING DIET. (FROM DATA SUPPLIED BY BECK, 
BENEDICT AND LAWRENCE®S, USED BY PERMISSION 
Normal 1900 Cal. Diet 2600 Cal. (90 gm 
Control (3.0 gm Fat Sterol-Free Vege 
Diet 70 gm. Protein table Fat 
(30 days) 14 days 
Average Total Cholesterol 
(mg./100 ml.) 943 204 914 
Average lipid phosphorus 
(mg./100 ml.) 9.0 9.2 9.0 
Average S, 10-20 
(mg./100 ml.) 34 48 40 
and even arterial cholesterol in the Summary. 1. The well-founded re- 


absence of an exogenous supply. In- 
deed it is difficult if not impossible to 
significantly lower plasma cholesterol 
values by reducing the dietary intake 
of cholesterol unless sharp restriction 
of animal and even sterol-free vege- 
table fat also occurs. 

The suggestion that some accom- 
panying factor in the diet as pyridox- 
ine deficient protein 
intake®48°8 or dietary phospholipids‘ 
or lecithin? may qualitatively or quan- 
titatively alter hypercholesterolemia 
deserve additional exploration. The ob- 
servations that emotional episodes*® 
and corticotropin and cortisone? ad- 
ministration produce changes in the 


lationship of cholesterol to the patho- 
genesis of atherosclerosis is accepted. 

2. The evidence implicating exogen- 
ous dietary cholesterol in this condition 
is reviewed. The experience of several 
workers in observing both the acute 
and chronic effects of cholesterol feed- 
ing and _ cholesterol restriction are 
noted. 

3. It is concluded that neither mod- 
erate increases or decreases in dietary 
cholesterol exert any consistently sig- 
nificant effect upon blood cholesterol 
levels. 

4. The almost complete elimination 
from the diet of all cholesterol and 


other lipids including sterol-free vege- 


MOSES: 


table oils is necessary if significant 
decreases in blood cholesterol levels 
are to be achieved. 

5. It appears likely that the unpalat- 
ability of such a diet together with the 
feeding problems it would produce, 
makes the widespread recommendation 
of such a rigidly restricted diet unwise 
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even in the presence of atherosclerotic 
disease. 

6. It is suggested that perhaps at- 
tention to other dietary components, 
especially protein, may alter the physi- 
cal state of the circulating cholesterol 
and influence its relationship to the 
atherosclerotic process. 
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Were it not for the fact that during 
the past 10 years there has been a 
renewed surgical interest in the prob- 
lem of bleeding from the upper gastro- 
intestinal tract, this subject would be 
juite inappropriate for a discussion 
inder the title of Progress in Surgery. 
The literature relating to upper gastro- 
itestinal tract hemorrhage is volum- 
especially that which is 
meerned with bleeding from gastric 
id duodenal ulcer. The causes of 
eeding from the upper gastrointes- 
il tract in order of frequency are: 
odenal ulcer, gastric ulcer, esoph- 


ious 


eal varices, gastric carcinoma, gas- 
tritis, and a group of miscellaneous 
causes!®.15.14,.50,70 Bleeding from lesions 


within the stomach or duodenum and 


in which an accurate diagnosis has 
been made accounts for approximately 
85 to 90% of all reported cases. Bleed- 
ing from esophageal varices accounts 
for approximately 5%. Significantly, this 
leaves but from 5 to 15% of the total 
number of cases in which the diagnosis 
is not well determined or arises from 
causes which are relatively infre- 
quent?*45.49, Since bleeding from the 
upper gastrointestinal tract in the vast 
majority of cases results from peptic 
ulcer, it is not inconsistent that dis- 
cussion of bleeding from the upper 
alimentary tract should be considered 
most extensively in relation to the 
ulcer problem. 

In 1828 Abercrombie? stated that 
fatal hematemesis was rare, despite 

(219 ) 
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the fact that he described 2 rather 
typical cases that died. The treatment 
described by Abercrombie is quite in- 
teresting in that it is similar to the 
treatment which is described in most 
textbooks of medicine or surgery. Aside 
from the drugs which Abercrombie 
used, most of which have’ not stood 
the test of time, there was little else 
prescribed except bed rest and diet. 
If such a patient were left to his own 
devices he would go to bed, especially 
when he felt weak and would eat 
when he was hungry. It is quite likely 
therefore that these cases would do 
just about as well if left to their own 
devices, than if carried under so-called 
treatment as that which was generally 
accepted some 10 years ago. 

Certain fears based on _ theoretical 
rather than practical grounds have 
retarded the development of a rational 
approach to the problem of bleeding 
from the upper gastrointestinal tract. 
Despite the advocacy by several au- 
thors®:*!47-68 that patients who were 
bleeding should be given food by 
mouth, the withholding of all oral in- 
take was common until Meulengracht 
53.54.55 nopularized the feeding of these 
patients. Similar fears regarding the 
possibility of increasing hemorrhage 
prevented the general acceptance of 
the use of gastric intubation as a 
means of determining whether bleed- 
ing had stopped, or for treatment, 
despite its use by several authors**!:*7, 
It is amazing on what slim grounds 
many such fears arise. Even a fairly 
recent paper condemns the use of a 
Levine tube in the stomach because in 
a series of 300 cases** with a mortality 
of 25%, the tube was said to have pro- 
duced fatal hemorrhage in 2 patients 
and to have increased it in several 
others. One patient died during lavage 
with ice water and the author con- 
demns lavage as well as gastric intuba- 
tion. The citing of inferential causes 


of death in a series of cases without 
evaluation of the seriousness of the 
hemorrhage is confusing, and sweeping 
conclusions drawn from such series 
add little to the problem. 

Probably the most striking fear was 
related to the use of transfusions or 
administration of other fluids. As a 
rule, transfusions were strictly forbid- 
den in cases of bleeding peptic ulcer 
except in cases where complete ex- 
sanguination was apparent. In some 
instances small transfusions were al- 
lowed. These were so small that they 
were not likely to be of any value for 
blood replacement. 

Fairly reliable means for evaluating 
trends in treatment are to be found in 
average textbooks. The following ex- 
cerpt from the 1931 edition of 
DaCosta** is fairly characteristic of 
the usual thought of that time. “Some 
claim that surgical treatment is not to 
be employed in gastric hemorrhage 
and that statistics are decidedly against 
it. I believe this statement to be cor- 
rect. .. . Some care must be exercised 
in the restoration of blood volume. It 
is dangerous to increase blood pressure 
to a degree liable to dislodge clot. If 
symptoms of shock are alarming give 
transfusion small in quantity (150 to 
200 cc.). A week or 10 days after the 
hemorrhage is past, 1 or more trans 
fusions of 500 cc. are of the greatest 
value. Shock is treated by abso 
lute rest and morphine and blood re 
placement as above stated... . At 
end of 7 or 8 days regular ulcer diet 
is prescribed. Stimulation is avoided 
Instrumentation or rough physical eXx- 
amination is avoided for 2 weeks.” 
Reminiscent of the statement made by 
Abercrombie in 1828? is the following 
from the first edition of Christopher's 
Surgery, published in 1936'§: “Abso- 
lute rest, with the foot of the bed el 
vated, external heat, reassurance 
the patient and the use of sufficient 
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morphine to allay fear and secure quiet 
are indicated. No food or drinks should 
be given by mouth and _ starvation 
continued until so far as 
can be ascertained no bleeding has 
occurred for 48 hours. The mouth 
kept scrupulously clean. 
Water may be given by bowel and 
saline solution in moderate amounts 
administered by hypodermoclysis, to 
which may be added 2% glucose. Blood 
transfusion is contraindicated except 
as an adjunct to surgery, or in cases 


should be 


should be 


showing persistent and alarming ex- 
sanguination, as a life-saving measure. 
Rarely does the patient, especially the 
young patient with chronic ulcer, suc- 
cumb to a first hemorrhage”. In 1945, 
in the fourth edition’®, a similar dis- 
cussion appeared as follows: “Bleeding 
may be coming esophageal 
varices or from gastric lesions due to 
gastritis, 


from 


ulcer, benign or malignant 
neoplasms. In any case the patient is 
put to bed, and attempts are made to 
keep him at complete rest. This means 
the judicious use of morphine to allay 
fear, reassurance of the patient and 
treatment for shock if necessary. The 
duodenum should be put at rest also 
by withholding food and fluid by 
mouth so that a clot may form and 
occlude the bleeding point. Fluids may 
be administered subcutaneously or by 
proctoclysis. Intravenous medication is 
to be avoided as it may raise the pres- 
ure sufficiently to dislodge a newly 
formed clot. Small transfusions of 50 
to 75 ce. of blood may be used when 
nemia has reached an alarming level. 
his is more for the clotting effect 
than for the restoration of blood vol- 
ne.” In the fifth edition, 1950*°, the 
scussion of bleeding from duodenal 
cers is still the same with small 

insfusions of from 50 to 75 cc. of 
blood. However, in the discussion of 
gastric hemorrhage we find a new con- 
cept added. “In no situation is there 
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greater need for the individualization 
of cases with respect to therapy than in 
that of gastric hemorrhage. If the hem- 
orrhage is severe the life of the pa- 
tient will depend upon the wisdom 
with which the physician evaluates the 
problem and utilizes the various thera- 
peutic measures. The treatment of shock, 
actual or impending, takes precedence 
over all other considerations, . . . If the 
blood pressure is low, a transfusion ot 
whole blood should be started as soon 
as possible and given rapidly until the 
pressure has returned to safe levels, 
usually a systolic pressure of 100 mm. 
of mercury or higher. Following a mas- 
sive hemorrhage, as much as 1000 to 
1500 cc. of blood may be given in the 
course of a few hours to stabilize the 
circulation. The danger of ‘blowing off 
a clot’ which may have formed on the 
bleeding vessel by raising the blood 
pressure suddenly from shock levels is 
of less consequence than the dangers 
of prolonged hypotension”. In the six- 
teenth edition of the “Principles and 
Practice 0. \.edicine” edited by Chris- 
tian'’, 1947, the management of the pa- 
tient bleeding with peptic ulcer is as fol- 
lows: “When hemorrhage occurs no 
attempt should be made to check the 
hemorrhage by giving drugs by mouth; 
the essential point is to put the patient 
in bed at rest. If very restless, mor- 
phine in small doses may be given. 
The present author has found Sippy’s 
method of treating hemorrhage very 
satisfactory. Sippy gave at once a 
powder of magnesium oxide, 4 gm., 
and calcium carbonate, 2 gm., and 
repeated this in % hour; then he gave 
calcium carbonate, 2 gm., every % 
hour for 8 to 10 hours. The next day 
he gave calcium carbonate every % 
hour and at night every hour. On the 
third day he began milk and cream 
feeding and gave powders as in non- 
bleeding cases; subsequently his reg- 


999 
ular regimen was followed Not 
infrequently the loss of blood is so 
great that the patient faints, but a 
fatal result is not very common. Trans- 
fusion of blood is advisable in severe 
conditions, but in the majority of pa- 
tients it can be dispensed with; it may 
start up a subsiding bleeding. General 
signs of collapse are more important 
than blood counts in determining 
transfusion. Very often frequent blood 
pressure determinations and other ex- 
aminations unduly exhaust the patient, 
while giving no valuable information 
in determining what should be done. 
Few surgeons now operate as a means 
of treating the bleeding ulcer patient. 
The patients usually recover rapidly 
from the hemorrhage; many later re- 
quire iron in full doses. The present 
author's policy has been to treat the 
bleeding ulcer without blood trans- 
fusions except in a rare instance of 
continuing or of very massive bleed- 
ing. The results from this policy have 
seemed quite as good as those obtained 
with the frequent use of transfusion, 
and it the work and expense 
incident to blood transfusions and does 
away with the danger of 
Others 
The seventh 
Textbook, 19471, 
presents a somewhat different concept 
from the other texts quoted in that 
recommended. “The 
time-honored therapy in massive hem- 
orrhage is bed rest, elevation of the 
foot of the bed, application of an ice- 
bag to the epigastrium, morphine in 
doses adequate to quiet the restless- 
ness, and complete starvation for sev- 
eral days. Immediate feeding has been 
found to be superior to starvation. 
Blood allay the restless- 
ness and hence morphine is rarely 
necessary. The blood pressure and the 


Saves 


post-trans- 
fusional reactions. transfuse 
early and 


edition of 


frequently”. 
Cecil's 


transfusion is 


transfusions 


pulse rate should be watched care- 
fully, reading being taken at hourly or 
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half-hourly intervals. The blood count 
does not usually drop until several 
hours after the initial hemorrhage and 
hence is not as good an index of the 
severity of the bleeding as are the 
blood pressure and the pulse rate.” 
“Blood transfusion is indicated when 
the pulse rate exceeds 120 per minute 
and the blood pressure drops below 
90 or even 100 mm. of mercury. When 
the bleeding takes place slowly and 
continuously, the pulse rate and blood 
not reach these levels 
and yet transfusion may be indicated 
because of the anemia. If the erythro- 
cyte count is below 3,000,000 cells per 
cubic 


pressure may 


transfusion is desir- 
below 2.000.000 cells, 
imperative. Many pa- 
tients recover spontaneously from such 
levels, but their margin of safety is 
very and a relatively small 
hemorrhage may fatal. The 
blood should be matched most metic- 
ulously. Each transfusion should con- 
sist of 500 or 600 cc. of whole blood 
and as many should be given as nec- 
The greater the number of 
transfusions required, the graver the 
prognosis, not because the transfusions 
are harmful, but the 
them evidence 
that a large and probably sclerotic 


millimeter, 
able; if it is 
transfusion is 


narrow 
prove 


essary. 


because great 


need for constitutes 
vessel is the source of the bleeding.” 
It is apparent from these excerpts 
except the last mentioned, that the 
treatment described for a_ bleeding 
ulcer is the treatment of a complica 
tion of the ulcer, whereas actually the 
problem is’ one of blood loss. The 
treatment of the ulcer in these cases 
is of very secondary importance. Treat 
ment usually has not been designed o1 
the basis of sound principles for con 
trol of hemorrhage. Until recent yea 
little thought was given to adequat 
blood replacement or sound principl 
of hemorrhage control. As far back a 
1901, Mayo-Robson"! pointed out th: 
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aside trom the matter of accessibility 
and diagnosis, the treatment of the 
bleeding ulcer ought to be the same 
as the bleeding from a radial or tibial 


artery. A similar view has more re- 
cently been expressed by Holman*?. 
What, then, are some of the reasons 
for a difference in concept in the 


handling of the patient bleeding from 
a duodenal ulcer as compared with 
that from a more exposed part? The 
first, of course, is the difficulty of de- 
termining the source and severity; the 
second is the difficulties encountered 
in controlling the hemorrhage. In re- 
lation to determination of the source 
of the hemorrhage it might be said 
that on a purely statistical basis, one 
can be at least 85% of the 
patients the bleeding arises in an ulcer 
of the duodenum. Fur- 
thermore, on a purely statistical basis, 
one can be relatively sure that in the 
majority of the cases the bleeding will 
be from a posteriorly placed duodenal 
ulcer***S, While this is quite logical 
it does not indicate in an 
individual case the exact source of the 
bleeding. 


sure in 


stomach or 


reasoning, 


Cases bleeding from esophageal 
varices, which are a very troublesome 
group with a high mortality*®, can be 
determined by the double lumen tube 
first described by Patton and John- 
ston?®°® and later by Sengstaken and 
Blakemore®. With the Patton tube in 
place and the balloons inflated, if the 
bleeding is from esophageal varices, 
it is not only possible to stop the bleed- 
ing but one can also differentiate be- 
tween esophageal bleeding and bleed- 
ng from the stomach or duodenum. 
With the tube inflated the stomach 
nay be washed clear of blood or blood 
lots. If bleeding continues after 
imponade on the lower end of the 
sophagus, the source of the bleeding 
just be the stomach or the duodenum. 
‘ases of bleeding from the small bowel 
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below the duodenum are rare, espe- 
cially those in which blood is found in 
the stomath. This is exceedingly im- 
portant, since the mortality rate from 
acute blood loss in esophageal varices 
is high, while that from the stomach 
or duodenum is usually low unless 
massive hemorrhage is encountered. 

When necessary in making a differ- 
ential diagnosis, barium studies may 
be made***76477 and there need be 
no fear of causing added difficulties 
by this procedure. In our hands, how- 
ever, the use of barium studies has 
been rarely necessary or advantageous. 

The determination of the severity of 
the bleeding imposes several prob- 
lems. It has frequently been pointed 
out that the hemoglobin levels are of 
no value in determining the amount 
of blood lost, nor is the total red cell 
count or the In 
severe acute blood loss sufficient time 
has usually not elapsed to permit 
hemodilution and one is much more 
likely to be determining chronic blood 
loss by the time such changes take 
place. In ordinary clinical practice, a 
determination of circulating blood vol- 
ume is usually not done on a routine 
basis. If it were, this would be of 
value. It has been constantly pointed 
out that any estimation of the amount 
of blood loss by attempting to evaluate 
the amount vomited or lost in the stool 
is at best a very rough guess**-*5, The 
usual concept is that the amount of 
blood estimated by this means _ is 
usually greater rather than less than 
actual, because of the dilution with 
gastrointestinal fluids. It should be re- 
membered that it is rather unusual for 
the patient to vomit or to pass at any 
one time all of the blood lost, so that 
one estimates only a portion of the 
hemorrhage. 

The usual methods for determining 
the severity of blood loss, therefore, 
are poor at best, and one is left with 
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the generalization that one must de- 
pend upon the reaction of the patient 
to determine the amount ’ lost. The 
blood pressure in itself as a single de- 
termination is not definitive, but if 
persistently low, is highly suggestive. 
Coupled with marked pallor, deep 
sighing respiration, and a soft, fast 
pulse, it forms a fairly good‘ indica- 
tion that the amount of blood loss has 
been acute and severe. If this is asso- 
ciated with loss of consciousness which 
persists for any length of time, it is 
a good indication that the blood loss 
has been quite marked. While this 
means of evaluation of the patient so 
far as blood loss is concerned is fairly 
effective in determining the need for 
prompt blood replacement, it does not 
form a reliable method of classification, 
and classifications based upon the re- 
activity of the patient will vary from 
observer to another. Using any 
such classification of this sort it is quite 
impossible to compare the results of 
group of observers with that of 
addition to a determina- 
tion of the severity of bleeding, it is 
important to be able to determine in 
which patient the bleeding has stop- 
ped, and once this is known, to be able 
to know definitely when bleeding re- 
A patient may lose a moderate 


one 


one 
another. In 


curs. 
amount of blood from a vessel exposed 
in an ulcer, may stop bleeding en- 
tirely, and then within a short time 
may bleed again. It is this sort of case 
which gives concern, because repeated 
fair-sized hemorrhages over a_ period 
of several days usually cause not only 
a greater difficulty in the evaluation in 
the amount of blood lost, but more im- 
portant, they are likely to cause a 
greater drain on the patient’s blood 
stores than is a single massive hemor- 
rhage. It is this type of patient who 
has stopped short of exsanguination 
over a period of several days which re- 
sults in the greatest mortality®:*.5°.11.16, 


SURGERY 


and which 
have in the past caused many to con- 
sider that operative intervention was 
hopeless':***, Even though it is pos- 
sible to replenish the circulating blood 
volume in patients who have bled ex- 
cessively over a period of several days, 
it is not possible promptly to replenish 
the marked from 
the tissue stores"’. Accordingly in late 


by transfusion loss 
cases, even if sufficient blood replace- 
ment can be supplied to keep the cir- 
intact the 
procedure, the period following opera- 


culation during operative 
tion is quite likely to be stormy on the 
basis of anoxia in the tissues. [See P.S.] 

The difficulty of the approach to the 
source of bleeding in the majority of 
these cases has been one great deter- 
rent to operative intervention. Quite 
obviously one must select only those 
cases in which there is necessity of 
controlling the hemorrhage. The ma- 
jority of cases bleeding from a duo- 
denal or gastric ulcer will be found to 
have lost minimal or moderate amounts 
of blood. One might compare these to 
the blood loss from small lacerations. 
On the exposed parts where there are 
only small capillaries, venules or ar- 
terioles cut, or possibly bleeding from 
a small vein, this might be controlled 
by doing nothing at all and frequently 
requires not even compression to stop 
the Small to 
sized arteries on the exposed surfaces 
frequently will stop bleeding before 
the patient has lost more blood than 
he can easily withstand. When a large 
artery, however, is cut it is rather un- 
usual for retraction of the vessel with 
clotting to occur sufficiently early that 


hemorrhage. moderate, 


the patient's life is not in danger. One 
would therefore not consider minimal 
amounts of bleeding from a superficial 
wound as requiring very energetic sur- 
gical measures any more than would 
minimal or moderate amounts of bleed- 
ing from the gastrointestinal tract. 
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Much has been said in relation to 
the relationship regarding the 
question of operative control of hemor- 
rhage from ulcers. Young patients, as 
well as old patients, will bleed to death 
if the hemorrhage is great enough and 
the age of the patient cannot be a cri- 
terion for or against operation. The 
concept that the younger patients’ 
blood vessels will retract and constrict 
sufficiently to the hemorrhage 
appear to be a_ reasonable 
thesis to those who have seen the usual 
amount of 


age 


stop 


does not 


vessels”*, 
and the reason for the lower mortality 
in young individuals as compared to 
older is more likely that they stand 
blood loss better. 

In order to approach the bleeding 
point in cases bleeding from the stom- 
ach or duodenum, an abdominal opera- 
tion is necessary and the easiest ap- 
proach to the bleeding area is usually 
a gastrectomy. Actually the operative 
procedure necessary to find and ligate 
the bleeding vessel is usually more of 
a problem than is gastrectomy. The 
bleeding points are often not easily 


sear about such 


found, and if found are usually imbed- 
ded in scar so that the ligation of the 
vessel is fraught with difficulty. Most 
surgeons therefore agree that a gas- 
trectomy is the simplest approach!*:*!:44. 
10.50.58.69.71.73.74 and makes control of the 
hemorrhage and location of the vessel 
easier. The fact that the patient is 
likely to be relieved of his ulcer fol- 
lowing such a procedure can only be 
of secondary importance, since the pri- 
mary reason for the operation is the 
control of the hemorrhage. Much of 
the about operating upon 
these patients has been coupled with 
mortality from gastrectomy. Mortality 
from gastrectomy has gradually de- 
creased, so that today, while still a for- 
midable procedure, is not nearly so 
severe an ordeal as it was even so 
short a time as 15 or 20 years ago. Fur- 


reticence 


thermore, this procedure has become 
fairly standard, so that it is commonly 
performed in almost all hospitals, 
whereas formerly it was reserved for 
larger centers. The fear of performing 
a gastrectomy in the face of an early 
massive hemorrhage is less today than 
formerly, because of the widespread 
use of blood transfusions for imme- 
diate replacement of blood loss. The 
mortality from gastrectomy in good 
hands in a_ patient suffering from 
marked acute blood loss should be no 
different than the mortality from a gas- 
trectomy in the same patient providing 
it is possible to replace volume for 
volume and promptly the amount of 
blood which has been lost. That our 
concepts with regard to the care of 
patients who are bleeding massively 
from the upper gastrointestinal tract 
have changed within the past few 
years is obvious. No longer can we be 
satisfied with the treatment of bleeding 
from the upper gastrointestinal tract 
as just another problem in the man- 
agement of the ulcer patient. Our con- 
cepts must be directed to the control 
of hemorrhage without concern for the 
ulcer. Once a hemorrhage has been 
controlled, the patient is then a prob- 
lem of ulcer management and _ this 
management must be designed to pre- 
vent recurrence of the ulcer, which 
may perchance bleed if it recurs. If 
these two concepts are not considered 
separately, the result can only be a 
continued high mortality from bleed- 
ing from the upper gastrointestinal 
tract when bleeding is severe. 

Data are of no importance for evalu- 
ation if when added to the cases of 
severe bleeding one includes a large 
number of patients suffering from mini- 
mal amounts of hemorrhage and ar- 
rives at a low mortality. Significant are 
the data which have been presented 
by: Brown et al.’*. They studied 246 
cases of bleeding from the upper gas- 


trointestinal tract as a result of peptic 
ulcer. They divided their cases into 4 
different groups, based chiefly on the 
severity of bleeding. In all their pa- 
tients in Groups 1 and 2 which com- 
prise patients with minimal or moder- 
ate amounts of blood loss as evidenced 
by the reaction of the patient, the 
mortality was low, even though as a 
rule these patients were not transfused. 
In the bleeding patients, 
classed as Group 4, there was a mor- 
tality of 86% when treated without sur- 
gical intervention. There were 11 cases 


severely 


referred to surgery as a last resort for 
an emergency operation. In this group, 
despite the fact that they represented 
the worst possible candidates for sur- 
gery in that they had been exsangui- 
nating for several days, the mortality 
was 18%. The significant comparison 
between surgical and _ non-surgical 
treatment is to be had by comparing 
the type of case. It is to be 
pointed out that the cases listed in the 
report of Brown et al. which 


treated surgically were considered to 


same 
were 


be medical failures, and it must also 
be assumed that the 87% which died 
without surgical intervention were not 
operated upon because they died be- 
fore they were seen by a surgeon or 
not viable enough 
when seen to offer any chance of with- 
standing the surgical measures neces- 
sary to control the hemorrhage. Ac- 
cordingly, the 18%, which represents a 
high mortality for surgical intervention 
except when considered in the light of 
a last ditch stand, might be considered 
as those not possible to salvage by any 
means after their long period of ex- 
sanguination. 

In a study of any reported series 
where surgical intervention is 


were considered 


com- 
pared with non-surgical treatment, it is 
important to determine whether the 


results from surgery are from those 


cases which are failures after prolonged 
medical management or those which 
surgical 


are selected for treatment 
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early. A much brighter picture has 
been presented recently by Stewart’. 
Stewart's philosophy in relation to 
bleeding from the upper gastrointesti- 
nal tract is a very simple and plaus- 
ible and is similar to that ex- 
pressed by Finsterer**. Stewart ob- 
serves that patients with marked acute 
blood loss will stand operative proce- 
dures well if the blood loss is replaced 
promptly. This 
which became so apparent during 
World War II in that prompt and ef- 
fective replacement of blood permitted 
major surgical procedures to be car- 
ried out successfully’, whereas delay 


one 


observation is one 


in replacement or long continued 
blood loss does not permit of such 
happy outcome. Stewart® believes 


that patients who have lost as much 
as one-third of their circulating cell 
mass from bleeding from the upper 
gastrointestinal tract should be oper- 
ated upon promptly to control the loss 
of blood and his reported mortality is 
10.7% of 65 patients, while among 42 
who refused operation the mortality 
was 21.4%. 

At the Detroit Receiving Hospital all 
cases of bleeding from the gastrointes- 
tinal tract are admitted to the surgical 
wards on the basis that control of hem- 
orrhage is of primary importance. If 
there is any question as to the source 
of bleeding from the upper gastroin- 
testinal tract, a Patton tube is inserted, 
the lower esophagus tamponaded, and 
the stomach washed with buffer-throm- 
bin®®. If the washings continue to re- 
turn bloody, after preliminary wash- 
ing, additional thrombin buffer is 
added. If the patient shows clinical 
signs of exsanguination not promptly 
headed toward correction by _trans- 
fusion, immediate operation is consid- 
ered. If the bleeding has obviously 
stopped as evidenced by the gastric 
washings, buffer is continued and 
transfusions are given to correct the 
blood loss. While buffer-thrombin ap- 
pears to control hemorrhage in some 
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instances, it is considered an important 
adjunct, primarily because it permits 
us to determine whether or not bleed- 
ing has stopped. The buffer also de- 
creases the possibility of clot diges- 
tion. If the bleeding recurs after hav- 
ing stopped and while under adequate 
treatment, emergency operation is con- 
sidered, regardless of the interval be- 
tween the episodes. We feel, as do 
most surgeons that operations upon 
patients who have been subjected to 
a drain on their blood stores for a pro- 
longed period present a serious prob- 
lem. Patients who stop bleeding and 
whose hemoglobin and blood volume 
have near normal 
levels are considered as ulcer patients 
and are evaluated for therapy without 
regard to the bleeding episode. 

The question of the need for opera- 
tive intervention and the timing of the 
procedure is one in which there is 
wide variation of opinion. Opinions 
vary from immediate surgical inter- 
vention for patients bleeding severely 
to the use of surgery only after other 
measures have failed. Some authors ad- 
here to the 48-hour rule of Finsterer**, 
while others do not consider the time 
element of much importance. Fixed 


been restored to 


routines for management are much less 
in evidence than formerly, and individ- 
ualization of the patient's problem is 
often recommended. The amount and 
rate of blood loss, the reaction of the 
patient and the facilities at hand for 
treatment are considerations which are 
important. 

The change in the philosophy of the 
management of cases bleeding mas- 
sively from peptic ulcer relates chiefly 
to the acceptance of the concept that 
a more vigorous approach to the prob- 
lem is possible. The fear of food intake 
when these patients can and will eat 
has been fairly well dissipated. There 
is no longer a general fear that gastric 
intubation, intravenous infusions, or 
Roentgen ray studies with a barium 
meal will precipitate, reactivate or in- 
crease bleeding in these patients. The 
concept that these patients represent 
primarily problems in hemorrhage 
rather than problems in ulcer manage- 
ment dictates that vigorous steps be 
taken to stop the hemorrhage and to 
replace the blood loss. This repre- 
sents a fundamental surgical concept 
and is one which many internists have 
also accepted in relation to the man- 
agement of these cases. 


P.S. A paper published after this review went to press (H. H. LeVeen, H. G. Mulder and F. 


Prokop Surg., 


Gynec., & Obst., 94, 433, 1952) indicates that in massive bleeding from the 


gastroduodenal artery the blood pressure in the hepatic artery falls far below that in the 
peripheral arteries. This suggests that anoxia of the liver is likely to be associated with mas- 


sive hemorrhage from duodenal ulcer. 
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obscurations of vision, 
which occur intermit- 
tently in the presence of increased in- 


MOMENTARY 
such as those 


tracranial pressure and, usually, 
chronic choked disks, result probably 
from inadequate blood 
supply to the retinas. The loss of vision 
which precedes fainting, that which is 
noted in some patients with postural 


hypotension after prolonged standing, 


temporarily 


in cases of massive bleeding from the 
gastrointestinal tract or elsewhere, and 
in the “blackouts” of aviators, all seem 
to be on the same basis. Lowering of 
cerebral or general blood pressure is 
responsible for the loss of vision. Under 
experimental conditions, it has been 
demonstrated, as noted by Behrman’, 
that loss of vision without loss of con- 
sciousness occurs when the systolic 
blood pressure at head level falls to 
just under 20 mm. of mercury. It seems 
logical to assume that “blackout” will 
the cerebral blood 
below the intra-ocular 
“blackout” of 
these types, vision is recovered rapidly 
is a rule without residual field defects. 
In some instances, however, particu- 
larly in patients who have had repeated 
massive who have 
severe retinal arteriolosclerosis, the in- 
idequacy of the retinal blood supply 


whenever 
falls 


pressure. In 


occur 
pressure 


cases of 


hemorrhages or 


may be sufficiently prolonged to _re- 
sult in permanent partial or total blind- 
without ophthalmoscopic 
dence of closure of a retinal arteriole 
or of the central artery of the retina. 
Although the loss of vision in the 
previously described types of cases is 
ordinarily transient or fleeting, it is not 
generally “amaurosis 
fugax.” This term is used by most au- 
thors now to identify a more limited 
group of cases in which the reduction 
of blood supply to the retina results 
primarily from a local disturbance in 
the retinal arteries or arterioles and 
not from a lowering of cerebral or 
general blood pressure. Thus, though 
Duke-Elder? defines amaurosis fugax 
simply as “temporary obscurations of 
vision,” this designation appears in the 
section on retinal angiospasm. In 
Walsh's?” text also, the term is used in 
the description of attacks of retinal 
angiospasm. Again, when _ Fisher'® 
stated, “Intermittent monocular blind- 
ness due to retinal anemia constitutes 
a large fraction of what has been label- 
led amaurosis fugax, and it is probably 
better known under that name,” he 
seemed to be referring to transient at- 
tacks of blindness due to local retinal 
or at least cerebral vasoconstriction. 
This review is particularly concerned 
( 229 ) 
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which a diagnosis of 
amaurosis fugax can be made in this 


with cases in 
restricted sense. 
Characteristic Symptoms. Patients 
with the characteristic syndrome of 
amaurosis fugax complain of periodic, 
recurrent episodes of loss of vision in 
The may be 
total or it may involve only a portion 
of the visual field. In the latter event, 
the same portion of the field is in- 
volved in attack. In 
stances the episodes occur in one eve 


one eve. loss of vision 


each most in- 
only. Occasionally, episodes occur in 
each eye, but at different times. The 
attacks occur with varying frequency, 
sometimes as often as several times a 
day, sometimes only at intervals of a 
month or more. Between attacks the 
vision is normal and there are no diag- 
nostic lesions in the ocular fundi. The 
duration of the visual loss also varies 
from a few seconds to several minutes. 
It is doubtful if episodes of total or 
partial blindness lasting longer than 
ten minutes can be classified as true 
amaurosis fugax, though in a few cases, 
such as that of Rosenstein!’, the blind- 
ness is said to have lasted as long as 
45 minutes with complete recovery of 
vision. However, the retinal arterioles 
did not appear ophthalmoscopically to 
be entirely empty in this case. In some 
instances after a time, the episodes 
cease to occur. In perhaps the majority 
of cases, however, after a number of 
attacks, the vision fails to return within 
the usual time limit and closure of the 
central artery of the retina or of a 
branch arteriole is seen ophthalmo- 
scopically. Under such circumstances, 
the loss of vision is usually permanent. 

The length of time for which com- 
plete arrest of the circulation to the 
retina can persist without permanent 
loss of vision has not been definitely es- 
tablished. The ganglion cells of the 
retina will probably degenerate if their 
blood supply is completely cut off for 
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as long as 6 or 7 minutes; but it is not 
possible to state definitely on the basis 
of ophthalmoscopic examination if the 
blood flow in the retina is entirely 
abolished. In fact, in 
arteriolar or arterial 


most cases of 
occlusion, it is 
probable that there is at least a mini- 
mal flow of blood except perhaps at 
the exact moment of the occlusion. At 
the time most of such 
first this minimal circulation is 
evidenced by the streaming of blood 
corpuscles in the arterioles or veins or 
both. Davenport® stated that according 
to de Schweinitz, a “cherry red spot” 
can develop in the macula within 10 
minutes after the arrest of retinal cir- 
culation. Though the “cherry red spot” 
and the appearance of the 
retina supplied by the occluded vessel 
are 


cases are 


seen, 


ischemic 


commonly considered to be evi- 
dence of degeneration of the ganglion 
cells surrounding the fovea, thev can 
be produced at times probably by 
simple edema of the retina. Otherwise 
it would not be possible for recovery 
of vision to take place as it did in 
patient following block of 
the stellate ganglion approximately 5% 
hours after an embolic occlusion of the 
superior temporal arteriole. 
Associated Disease Processes. Some 
individuals with amaurosis fugax have 
elevated blood pressure or demonstra- 
ble vascular disease in the retina and 
in other parts of the body; some have 
cardiac murmurs. Still others, however, 
are young persons who present no evi- 


Coston’s* 


dence of either local retinal or general- 
ized vascular Migraine has 
been considered as the possible etio- 
logic factor in at least some of the 
members of this last group. 

The site of involvement in cases of 
so-called uremic or eclamptic amau- 
(which are included 
under the title of amaurosis fugax) is 
probably the occipital cortex. A period 
of total blindness is followed by a pe 


disease. 


rosis sometimes 
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riod of right or left homonymous 
hemianopsia and then by complete re- 
covery of vision. Likewise in migraine, 
the occipital cortex is presumed to be 
the site of origin of the scintillating 
scotomas and transient disturbances of 
vision which are usually homonymous 
in type. Engel, Ferris and Romano® 
demonstrated, in patients with mi- 
graine, that electro-encephalographic 
abnormalities were present in one oc- 
cipital lobe during episodes of scintil- 
lating scotomas and homonymous field 
defects and that they were no longer 
the disap- 
peared. It is known that in rare cases 
of apparently uncomplicated migraine 
permanent hemianopsia may follow 
a number of transient attacks presum- 
ably as the result of post-angiospastic 
cerebral infarction. In most cases of 
migraine, both eyes are involved simul- 

authors, 
Gronvall'? 
and Walsh*° think that transient mono- 
cular scotomas or amaurosis can be of 
migrainous origin and that they can at 
times leave permanent residuals with 
ophthalmoscopic evidences of arterial 
or arteriolar occlusion. As a result of 
such observations, Behrman* states: 
“Personally, I feel that in most cases 
of migraine in which obscuration of 
vision alone is the chief manifesta- 
tion the visual disorder is the result of 
vasoconstriction of retinal arteries, 
rather than of cerebral arteries.” The 
weight of evidence would seem to in- 
dicate, however, that retinal vascular 
spasm is the exception rather than the 
rule in typical migraine. 

The presence of chronic endocardi- 
tis in patients with amaurosis 
fugax led to the supposition that small 
emboli lodging temporarily in the cen- 
tral artery or one of the arterioles of 
the retina might account for the pe- 
riodic attacks of loss of vision. In most 
such cases, however, it was not pos- 


present when scotomas 


taneously. However. some 


among them Graveson"!, 


some 
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sible to demonstrate any activity in the 
cardiac valvular lesion or any probable 
source of emboli. In 1927, Gipner and 
I'® reported 5 cases which we con- 
cluded represented spasms of branch 
retinal arterioles in spite of the fact 
that in 3 of the 5 cases inactive cardiac 
valvular lesions were present. In 1 of 
these 3, the active spastic closure of 
the arteriole was observed ophthal- 
moscopically, but permanent occlu- 
sion did not occur at least during the 
period of observation. Three of the 5 
patients gave a history typical of 
amaurosis fugax; only 1 of these 3 had 
chronic endocarditis. Of a group of 11 
other cases of amaurosis fugax re- 
corded in the files of the Mayo Clinic, 
in only 1 did the patient have a cardiac 
valvular lesion. This low incidence of 
endocarditis (14 per cent) would sug- 
gest that angiospasm is a more logical 
explanation than repeated emboli for 
the transient episodes of loss of vision. 
Further supportive evidence for the 
role played by angiospasm in these 
cases is furnished by the clinical ex- 
perience that vasodilator drugs will 
shorten some of these attacks. 
Mechanism of Retinal Angiospasm. 
Most observers agree now that recur- 
rent arterial or arteriolar spasms ac- 
count for the majority, if not all, of the 
typical cases of amaurosis fugax. By 
what the spasms are in- 
duced has never been adequately ex- 
plained, however. That few if any of 
these cases represent instances of Ray- 
naud’s disease involving the retina is 
suggested by the fact that complaints 
of transient blurring of vision are very 
rare in cases of typical Raynaud's dis- 
ease and that symptoms suggestive of 
Raynaud’s disease are rarely com- 
plained of by patients with amaurosis 
fugax. Thus, of the previously men- 
tioned 14 patients with permanent 
vascular occlusions following attacks 
of amaurosis fugax, only 2 had Ray- 


mechanism 


naud-like symptoms in the extremities. 
The vascular spasms in cases of 
amaurosis fugax seem to be of the 
type which Pal'® designated maximal 
or occlusive. He suggested that such 
spasms resulted from excitation of vaso- 
constrictor nerves, from direct stimula- 
tion of contractile fibers, or from irri- 
tation of the intima by small emboli. 
The existence of a vasoconstrictor nerve 
supply to the retinal vessels or of con- 
tractile fibers in their walls has never 
been conclusively demonstrated. In 
1939, I'S reported 2 cases which 
seemed to show that, in the presence 
of a plaque of arteriosclerosis or athero- 
sclerosis in the central artery of the 
retina or in one of its branches, irri- 
tative spasm might be induced in the 
arterioles distal to the plaque. A third 
case, which I observed in 1947, seemed 
to demonstrate this mechanism more 
conclusively than the first 2. 


Case Report. A man, aged 45 years, had 
had 8 definite episodes of “transient blind- 
ness” in the right eve. Recovery had been 
complete after the first episode but incom- 
plete after the second with no further per- 
manent loss after the third. Vision of the 
right eye was reduced to ability to count 
fingers, and examination of the visual fields 
revealed nasal anopsia with central scotoma. 
Vision of the left eve was 6/6 and ability 
to read 14/14. The left fundus was normal 
The right optic disk was pale (grade 2 to 3 
and the retinal arterioles were generally nar- 


2). A plaque of sclerosis was 


rowed (grade 
visible in the primary inferior branch of 
the central retinal artery. During the course 
of the ophthalmoscopic examination, the in- 
ferior macular branch arteriole could be seen 
to alternately empty and refill with blood 
within a few seconds. That the emptying of 
the arteriole was due to spastic constriction 
at its point of origin from the main inferior 
artery and not to temporary lowering of 
blood pressure beyond the §arteriosclerotic 
plaque was suggested by the fact that the 
other branches of the inferior artery re- 
mained well filled with blood during the 
entire period of examinations by several ob- 


servers, 
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It is possible that spasm of the re- 
tinal arterioles, distal to the region of 
organic arterial disease, may be a fac- 
tor in the rapid onset of blindness in 
some cases of temporal or cranial ar- 
teritis. But it is doubtful that typical 
amaurosis fugax occurs in this disease. 
The basic factor which accounts for 
the loss of vision in these cases is nar- 
rowing of the lumen of the ophthalmic 
or central retinal artery by the inflam- 
matory (or degenerative) process, with 
ultimate thrombotic occlusion of the 
severely constricted lumen. In most in- 
stances, after the onset of blindness. 
the ophthalmoscopic picture is that of 
ischemic optic neuritis and not of ar- 
terial or arteriolar occlusion. This re- 
sults probably from gradual diminu- 
tion of the blood supply to the optic 
nerve rather than from sudden vaso- 
spasm. There is no clinical evidence 
that vasodilator drugs prevent or re- 
duce the degree of ultimate loss of 
vision in these cases. 

Syndrome of Carotid Artery Occlu- 
sion. Recently, Fisher’? has reported 7 
cases in which recurrent transient mo- 
nocular blindness was associated with 
contralateral hemiplegia. In 6 of these 
he attributed the condition to spon- 
taneous thrombosis of the cervical por- 
tion of the internal carotid artery. He 
stated that the attacks of blindness 
usually preceded the stroke “as a sort 
of warning that disaster threatened.” 
He thought, as a result of his observa- 
tions, that “Disease of the internal 
carotid artery will no doubt help to ex- 
plain at least some of the previously 
reported cases of amaurosis fugax, par 
ticularly in the older age groups.” It 
is of interest that in discussing the 
mechanism of amaurosis fugax Behr 
man* had stated, apparently without 
definite proof, “Carotid arteriograms 
have revealed unsuspected occlusion of 
the internal carotid artery. I would 
postulate an occluding pathological 
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process affecting the internal carotid or 
ophthalmic artery as the explanation 
in some of these cases of amaurosis 
fugax.” 

The syndrome characteristic of spon- 
taneous thrombosis of the internal 
carotid artery has usually been con- 
sidered to consist of blindness in the 
homolateral eye, with the early oph- 
thalmoscopic picture of closure of the 
central retinal artery and later optic 
atrophy, contralateral hemiplegia and 
hemianesthesia, aphasia in left-sided 
lesions, and, at times, temporal anopsia 
in the contralateral eye. According to 
Walsh*’, ligation of the internal carot- 
id artery contralateral hemi- 
plegia in only about 25% of cases. 
Blindness in the homolateral eye oc- 
curs much less frequently, probably 
because of the extensive and effective 
anastomotic connections between the 
ophthalmic artery and the branches 
of the external carotid artery on the 
same and on the opposite side. How- 
ever, according to King and Lang- 
worthy'*®, “When spontaneous closure 
of the carotid arteries on one side oc- 
curs, the thrombus may extend from 
the the common carotid 
through the internal carotid, the oph- 
thalmic and part of the middle cere- 
bral artery. This seriously limits the 
pathways for collateral circulation and 
produces a more constant anatomic 
lesion in the brain.” They expressed 
the thought that loss of vision in the 
homolateral eye results from closure of 
the ophthalmic artery with subsequent 
yptic atrophy. 

Although Fisher the first to 
tress the occurrence of episodes of 

insient loss of vision in one eye 

hich might alternate with tran- 
ent attacks of aphasia or of con- 
lateral paralysis and paresthesia) in 
sociation with spontaneous throm- 
isis of the internal carotid artery’, 
this symptom had been mentioned oc- 


causes 


origin of 


was 
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casionally before. Fisher noted that, in 
1936, Marinesco and Kreindler'* had 
described a case of fleeting monocular 
blindness associated with carotid clos- 
ure. In 1943, Andrell? reported a case 
in which there were “transient spells 
of blindness of the eye on the same 
side as the thrombosed internal carotid 
artery. It is noteworthy that this symp- 
tom retained its transient character in 
the face of the fact that the disease 
had otherwise attained a_ stationary 
stage.” In his 1947 text, Walsh?® re- 
ported a similar case (case 300 A). Of 
the 6 cases reported by Fisher!®, in 5 
the loss of vision was never more than 
transient. In 3, the attacks ceased to 
occur after the stroke; in 1, they con- 
tinued after the stroke; and in 1, they 
commenced only after the stroke. In 
the sixth case, episodes of transient 
monocular blindness occurred before 
the stroke; permanent blindness de- 
veloped in this eye sometime after the 
stroke with the ophthalmoscopic pic- 
ture of optic atrophy residual to previ- 
ous closure of the central artery of the 
retina. In retrospect, 1 of the cases 
which I'* reported in 1939 as an in- 
stance of amaurosis fugax with sub- 
sequent postspastic thrombosis of the 
central retinal artery may have repre- 
sented really a thrombosis of the left 
internal carotid artery, since the pa- 
tient had had transient right hemi- 
plegia about 2% months prior to occlu- 
sion of the central artery of the left ret- 
ina. Case 514 in Walsh’s”® text may also 
belong to this group. Fisher'® has said 
that intermittent monocular blindness 
may even be the only manifestation of 
occlusion of the internal carotid artery 
since in some cases occlusion does not 
result in hemiplegia. 

Differentiation Between Occlusion 
of the Carotid and Occlusion of the 
Central Retinal Artery. In all the pre- 
ceding cases, since the transient loss in- 
volved the entire visual field, the oph- 
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thalmic or the central retinal artery 
was evidently involved. In Fisher’s!® 
seventh case, loss of vision occurred 
only in the lower field. In spite of the 
presence of contralateral hemiplegia, 
Fisher was inclined to think that, in 
this patient, there might have been 
local disease of the ophthalmic or of 
the central retinal artery with an un- 
related focus of hypertensive encepha- 
lomalacia. Hence, there is no definite 
proof as yet that thrombosis of the in- 
ternal carotid can cause amaurosis 
tugax with involvement of a single ret- 
inal arteriole and only a sector of the 
visual field. 

Fisher'® said that in cases of amau- 
rosis fugax, a possible differentiation 
between a causative atherosclerotic 
esion in the central retinal artery and 
one in the internal carotid lies in the 
presence or absence of hypertension 
He stated that “transient monocular 
blindness, occurring in older patients 


v heralds the threatened occlusion 
the central retinal artery. especially 
if pulsation in the internal carotid ar- 
tery is good. Any subsequent hemi- 
plegia is not directly related and 
means that a separate intracranial ves- 
sel has be en OC clude "Sg He State d also 
that in cases in which occlusion of the 
internal carotid artery seems to be the 


lamental process, the blood pres- 


1] 


runt 
Sure 1S usua 
carotid 
} 


ral 


vy normal, pulsation of the 


is absent and transient homo- 
blindness and the onset of con- 
tralateral hemiplegia are closely _re- 
lated 

Fishe rs indic ite d that 

atherosclerotic plaques should appear 
in the central retinal arterv only. or 


ilmost only, in the presence of hyper- 
tension. He noted that hypertension 


was present in all his own clinical cases 

occlusion of the central retinal ar- 

terv and in 138 of 15 cases of uncompli- 


cated thrombosis of the central artery 
reported by Minton’® (86%). Hyperten- 


sive disease is undoubtedly a factor in 
a high percentage ot cases of closure 
of the central retinal artery or one of 
its branches. In 61% of a group of such 
cases tabulated from the files of the 
Mayo Clinic there was hypertension. 
The percentage of hypertensives was 
not quite so high in the previously 
mentioned group of 14 cases in which 
the histories were typical of amaurosis 
fugax. In only 6 of these (43%) did the 
patients have hypertension. 
Classification of Reported Cases of 
Amaurosis Fugax. It is of some interest 
to know in what percentage of cases 
of amaurosis tugax permanent loss of 
vision may be expected to occur after a 
series of transient episodes. Fisher? 
collected from the literature reports of 
138 cases of amaurosis fugax which he 
placed according to their presumed 
etiology in 7 groups 1) cases in the 
older age group in which atherosclero- 
sis was probably a factor; (2) cases in 
the younger age group without ap- 
parent cause; 3) cases associated with 
migraine; (4) cases associated with 
Raynaud's syndrome; (5) cases asso 
ciated with heart disease: (6) cases 
of reflex amaurosis, such as those aris 
ing from irrigating the antrum or 


douching the vagina an 


miscel 
laneous cases, inclu ling those whicl 
were difficult to classify on the basis of 
the data given. Permanent residual loss 
of vision was recorded in 16 of 34 cases 


in group 1 (47%); in 16 of 40 cases it 


group 2 10% )- in 15 otf 24 cases 
group 3 (632); in 3 of 9 cases in grou} 
1 (33%); in 2 of 7 cases in group 3 


(29%); in 2 of 5 cases in group 6 (40! 
in 4 of 19 cases in grou 
49% of the entire croup 


It would seem that the number 


OI 


cases included in Fisher’s!® migrait 
group is disproportionately large. In 
of the 24 cases included in his group 
the etiologic relationship of migrait 
would seem to be doubtful. Fisher 


himself in commenting on this gro 


| 
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says that “there are but a few unequiv- 
ocal cases of unilateral blindness as- 
sociated with migraine.” It is probable 
that factors other than migraine were 
responsible for the loss of vision in at 
least some of these cases. In an exten- 
sive review of the ocular manifesta- 
migraine, Donahue® stated: 
“Unilateral blindness, transient amau- 
rosis and obstruction or thrombosis of 
the retinal vessels have been de- 
scribed”; but he does not give any defi- 
nite estimate as to the probable per- 
centage frequency of such lesions. In 
general experience they would seem to 
be much less frequent than homony- 
mous scintillating scotomas or hemian- 
opsias. Among the 34 cases in group 1, 
there were 7 which Fisher’ thought 
might well be instances of thrombosis 
of the internal carotid artery. 
Assuming that spontaneous throm- 
bosis of the internal carotid artery is 
the underlying cause for some cases of 
amaurosis fugax, yet recurring spasms 
in the central artery of the retina 
rather than in the diseased carotid ar- 
tery seem best to explain the episodes 
of transient loss of vision. For, as 
'® pointed out, if transient occlu- 
sion of the carotid artery accounted for 
the blindness, then transient blindness, 
hemiplegia, aphasia and _ paresthesia 
should all occur in the same episode 
rather than at different times. It seems 
unlikely that extension of the thrombus 
into the ophthalmic artery as described 
by King and Langworthy™ would 
cause only transient loss of vision. In 
a personal communication to Fisher", 
Adams suggested that the blindness 
might be caused by spasm of the ex- 
ternal carotid branches which had col- 
lateralized with the ophthalmic artery 
to supplement the inadequate supply 
through the internal carotid. But it 
seems more logical to assume that irri- 
tative spasm of vessels distal to a focus 
f organic vascular disease is the cause 
most cases of amaurosis fugax, in- 


tions of 


Fisher 
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cluding those associated with throm- 
bosis of the internal carotid artery. The 
presence of a _ local atherosclerotic 
plaque in an internal carotid artery 
might possibly explain the repeated 
initiation of episodes in some cases of 
amaurosis fugax by a particular move- 
ment of the head and neck. 

Summary and Comment. Repeated 
episodes of sudden though transient 
loss of vision, even if only a portion of 
the visual field is involved, usually 
alarm the individual sufficiently to 
cause him to consult an ophthalmol- 
ogist. Recurrent blurring of vision is 
of course a rather frequent complaint 
of eye patients. Recurrent actual loss 
of all or a part of the field of vision is 
complained of less frequently but still 
more often than would be suggested 
by the number of reports in the litera- 
ture. 

Often it is difficult, in the presence 
of normal vision and normal ocular 
fundi, for the ophthalmologist to de- 
termine from the history alone the 
exact nature of the attacks of which 
the patient complains. Usually, how- 
ever, a patient who has amaurosis fu- 
gax in the restricted sense of angio- 
spastic amaurosis fugax gives a readily 
recognizable story of the characteristic 
episodes. Repeated attacks of loss of 
vision which are described as complete 
in all or in a portion of the visual field, 
which persist for more than 10 minutes 
and which are then followed by re- 
covery without evident residual should 
probably not be considered to be 
caused by ischemia of the retina unless 
spastic constriction of the arterioles 
can be actually observed during an at- 
tack. When the loss of vision is said 
to have persisted for a longer period 
than this, especially for several hours 
or days, with subsequent complete re- 
covery, the suspicion of a functional 
basis for the complaint is always 
aroused. For instance, Abadie’s' case, 
included by Fisher’? in his miscellane- 
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ous group, is more suggestive of hys- 
teria than of arterial spasm. It is true 
that some patients with typical mi- 
graine claim that loss of vision con- 
tinues during the entire duration of 
the headache which may be for several 
hours or even a day or more. How- 
ever, such cases are exceptional and in 
them the functional element cannot be 
entirely excluded. It must be remem- 
bered also that in some cases of acute 
retrobulbar neuritis, as in multiple 
the 


sclerosis, patient recover 
rapidly with little or no ophthalmo- 
scopically visible residual. However, 


retrobulbar neuritis seldom, if ever, re- 
curs sufficiently often to give rise to a 
complaint suggesting amaurosis fugax. 

In a patient with a history typical of 
the angiospastic type of amaurosis fu- 
gax, seen before any 
dual is present in the vision or in the 
retina, it is important to discover, if 
possible, the cause of the recurrent 
spasms. However, in many cases, par- 
ticularly in those in the younger age 
groups, the etiology remains obscure 
in spite of extensive investigations. 
Fisher’s®?:!° intriguing observations indi- 
cate that, in all such cases, it should 
be noted whether pulsation is present 


permanent resi- 
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in the internal carotid arteries and 
whether it is equal on the two sides. 
Should further studies tend to confirm 
Fisher’s®:!® views, which cannot be con- 
sidered to be definitely proved as yet, 
it is possible that arteriographic exami- 
nations might be justified in all cases of 
amaurosis fugax. 

Unfortunately, as yet, no satisfactory 
fugax has 
been devised. Mild sedation may tend 


treatment for amaurosis 
to diminish the frequency of the at- 
tacks as it seems to do in cases of cen- 
tral angiospastic retinopathy. Vasodila- 
tor drugs may be of value if given at 
the the attack. Since both 
lowering of cerebral or retinal blood 


onset of 


pressure and spastic arterial or arterio- 


lar constriction may play a part in 
those cases in which, in a particular 
attack, the loss of vision persists for a 
than 


drugs are helpful only if they are used 


longer time usual, vasodilator 
in dosage insufficient to cause a signif- 
icant drop in blood pressure. It has not 
demonstrated as yet that block 


of the stellate ganglion is uniformly ef- 


been 


fective in preventing or relieving spas- 
tic constriction of the central artery of 
the retina or of the retinal arterioles. 
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ENGLISH-GERMAN MepicaL Dictionary. By 
F. S. M.D. Pp. 242. Phila- 
delphia: The Blakiston Co., 1951. Price, 
6.00 


Tus is a companion volume to the German- 
English Medical Dictionary recently pub- 
lished. It is planned to supply the two books 
separately, but if there be sufficient demand 
they may eventually be issued in a single 
volume. The author, who was educated and 
lived much of his life in Germany, went to 
England in the 1930's and became 
pletely bilingual. He read 30,000 pages of 
Anglo-American medical literature and _ trans- 
lated all the German, and _ this 
material was the basis for the German-Eng- 
lish dictionary. The German words then were 
readjusted to the original English words and 
became the basis of the second volume. It 
that there are included not 
y purely medico-technical terms but those 
words of lay 


com- 


words into 


s noteworthy 


onl 


language commonly used _ in 
medical practice and literature to describe, 
explain and discuss matters of health and dis- 
A particularly valuable aspect of the 
book is the use of words in sentences to illus- 
trate shades of meaning. It is really a phrase 
dictionary, not simply a glossary. The author 
unfortunately died before the appearance of 
the last volume but his son-in-law, also bi- 
saw it through the press. The book 
R. K. 


ease 


lingual 


is heartily recommended. 


Wuen Docrors Are Edited by 
Max Pinner, M.D., and BENJAMIN F. 
Miter, M.D. Pp. 364. New York: W. W. 


Norton & Co., 1952. Price, $3.95. 


In this remarkable book, 33 physicians, in- 
cluding the two editors, tell of their own ex- 
periences with a severe or serious illness and 
lisability, and how they reacted and became 
idjusted thereto. All of them men of attain- 
nent in the profession, most of them teachers 
nd gifted in the art of communicating their 
nowledge, they have brought within the 
mits of this volume a wealth of self-analysis 
nd medical self-experience that stands un- 

valed in medical literature. Their ailments 
clude various forms of cardiac disease; the 

indicaps of blindness, deafness and the 
sidual paralysis of poliomyelitis; the pains 
f kidney stone, migraine and dengue; addic- 
ms to morphine and to alcohol; adaptation 


AND NOTICES 


to overwhelming disease such as multiple 
sclerosis, cancer of both breasts, and manic- 
depressive psychosis; chronic infections and 
allergic disorders, such as bronchitis, tubercu- 
losis, brucellosis and rheumatoid arthritis; 
personal achievements in diagnosis and treat- 
ment, as exemplified: in epilepsy, narcolepsy 
and hypertension; the gains and losses from 
advancing years. Some of the writers have 
chosen to be anonymous. Some are well 
known to most physicians. The breadth of the 
appeal of many of the articles is attested by 
the pre-publication of some of the chapters 
in the Atlantic Monthly. The editors have 
done the medical profession and the world 
at large a signal service. The book should be 
read by every physician. R. K. 


Der DES NERVENSYSTEMS AUF Bau 

UND TATIGKEIT DER GESCHLECHTSORGANE 
pES MENSCHEN. By Prof. Dr. Med. et Phil. 
H. Strieve. Pp. 191; 93 ills. Stuttgart, Ger- 
many: Georg Thieme Verlag, 1952. Price, 
DM 36. 

Tue material presented in this book in- 
cludes a survey of normal anatomy and phys- 
iologic activity of both ovary and testes and 
the alteration in their function due to anxiety 
and psychologic trauma. For the most part 
the presentation is devoted to the ovary and 
uterus, only one chapter concerning the 
testes. The author suggests that psychic 
trauma can halt both testicular and ovarian 
activity, thus interfering with male and fe- 
male fertility and with the menstrual cycle 
in the female. The older the woman at the 
time of the psychic shock the more perma- 
nent may be the effect. For instance in the 
late 30’s the ovaries may be so affected that 
they cannot recover and premature meno- 
pause results. Complete suppression of activity 
is less common in young women. An interest- 
ing suggestion is that more abnormal infants 
are produced by older women because the 
ovaries recover less completely from such 
shocks and produce abnormal ova; in addi- 
tion the longer the period of psychic amenor- 
thea the more likely is an abnormality to 
occur should the patient become pregnant. 

The book is well written and adequately 
documented with case material. The illus- 
trations are excellently reproduced but are 
often repetitious. This presentation should be 
of particular interest to gynecologists and 


( 237 ) 


238 


BOOK 


endocrinologists who are called upon to deal 
with the problems of menstruation and ovar- 
ian dysfunction discussed. J. W. 


BLuT 


Diz TRANSFUSION VON KONSERVIERTEM 


IN DER GEBURTSHILFE UND GYNAKOLOGIE. 
By Pror. Dr. H. ScHwautm, University of 
Marburg, (Lahn) Germany. Pp. 132; 21 


ills. Stuttgart, Germany: Georg Thieme Ver- 
lag, 1952. Price, DM 14.70. 

[HE monograph discusses in detail the uss 
of whole blood and plasma in obstetrics and 
gynecology. 

The first portion deals with indications for 
and contraindications against blood trans- 
fusion in both women and newborn infants 
and in general agrees with the approach to 
fluid replacement in this country. The source 
of blood for transfusion is next considered 
and in addition to blood donors transfusion 
with infant cord blood and blood recovered 
from the peritoneal cavity after hemorrhage 
is discussed. Techniques for the collection 
and preservation of blood and the prevention 
of changes during storage are carefully out- 
lined. Methods of administration are pre- 
sented in detail and the prevention, detection 
and management of reactions is discussed. 
The use of serum, plasma and cell concen- 
trations is clearly outlined. 

This is an excellent of blood 
transfusion, containing a large amount of im- 
portant information of historical, scientific 
and practical nature and should be a valuable 
aid in setting up a blood transfusion service. 


I. W. 
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MEDICAI D1rac- 
PuULLEN, M.D 
ills.. 48 in color. 


B. Saunders Co., 1950. 


Dracnosis, APPLIED PHYSICAI 
Nosts. Edited by Roscor L 
2nd ed. Pp. 1.119: 601 
Philadelphia W. 
Price, $12.50 

THE pattern of this text is highly commend- 
able. Instead of an over-emphasis on heart 
and lungs, there is coverage of the whole pa- 
tient. Instead of concerning itself solely with 
vhvsical diagnosis, the book begins with his- 
tory taking, and also includes other diagnostic 
procedures. such as endoscopy, electrocardi- 

Roentgen examination and _histo- 

logical findings. The arrangement is by body 

regions and with attention to diseases as they 


ography, 


predominantly affect the structures of the 
region. Although the coverage is at times 
rather thin. the end result is nevertheless a 


most valuable book, on which the editor and 
his 22 associate authors are to be compli- 
mented. There are numerous illustrations, 


REVIEWS AND NOTICES 


most of which are excellent, a few are too 
small. This second edition has improved on 
the first by the addition of chapters on The 
Bedside Diagnosis of Blood Diseases, Medical 


Diagnosis in the Aged, and The Physical 
Examination of the Psychotic Patient. The 
book is highly recommended. R.K 

Virus AND RickxetrstAL Diseases. By S. P. 
Bepson, M.D., A. W. Downie, M.D., F. O 
MacCatium, M.D., and C. H. Srvarr- 
Harris, M.D. Pp. 383; 33 ills. Baltimore: 
Williams & Wilkins Co., 1950. Price, $5.50 


of current knowledge 
The clinical 
descriptions have been limited to a bare out- 


An excellent 
of viral and rickettsial diseases 


survey 


line, with emphasis rather on the etiological 
point the character of th 
the practical aspects of epidemiology and 
and the which the 
laboratory can give the clinician. This brief 
readable text will be welcomed by the pro 


fession. R.K 


of view, viruses, 


control, diagnostic aid 


PEDIATRIC ArterRGY. By Roserr Cuopsor, 


M.D., Dir. Pediatric Allergy Clinic, N. Y 
Univ.—Bellevue Med. Center. Pp. 284. New 
York: McGraw-Hill, 1951. Price, $4.50 

Tue author, ‘on the basis of his extensive 


experience in the field, has produced a text 
on the clinical aspects of allergy in children 
which the pediatrician and general practi 
tioner will find very useful. He has avoided 
unnecessary detail of theoretical aspects. The 
stvle is vivid and reflects the enthusiasm of 
the writer. In trying to be terse he has, at 
times, been more dogmatic than accurate as 
when he says that “all house dust seems to 
have a common excitant,” or that “horse hait 
(properly cleaned and sterilized) can be used 
in pillows and with impunity.” 
The fact remains that the book is extremels 
practical and its value is enhanced by numer 


R.K 


mattresses 


ous illustrative case reports 


A CLASSIFIED BIBLIOGRAPHY OF GERONTOLOGY 

AND Gerratrics. By NATHAN W. Snock 
M.D.. Chief, Section on Gerontology, Na 
tional Heart Institute. Pp. 599. Stanford 
Calif.: Stanford University Press, 1951. Pric« 
$15.00. 

THE importance of an interest in the prob 
lems of aging and of the aged has increased 
at a rate and to a degree that can best be 
appreciated by this compilation of over 18,00¢ 
references to publications in the field; most 
of which have appeared in the last decad« 
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Chis bibliography is indispensible to all inter- 
ested in gerontology. It should be on the 
shelf of every medical library. A program for 
future supplements is already under way. 
['RENDS IN GeroNTOLOGY. By NATHAN W. 
Snock, Chief, Section on Gerontology, Na- 
tional Heart Institute. Pp. 153; 12 ills. Stan- 
ford, Calif.: Stanford University Press, 1951. 
Price, $2.50. 


Cais litthke volume contains much impor- 
tant information in the field of gerontology. 
Chapter are revealing: Trends in 
Population, in Employment, in Income Main- 
and Retirement, in Health Mainte- 
in Living Arrangements, in Education, 
in Community Programs for the Aged, and in 
Of practical interest are the chap- 
Potentialities and Methods 
of Furthering Research in Gerontology. The 
uuthor proposes the founding of an “Institute 
of Gerontology” to foster and execute re- 
aging: its biology, its 
psychological aspects, its 
and_ its socio-economic 


R. K. 
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Tue OF Patients. By H. Lou 
F.B.P.A., A.P.S.A., Medical Di- 
Eastman Kodak Co., Rochester, N. Y. 


(;1BSON 


vision 


Pp. 118; 42 ills., and 4 color plates. Spring- 
field, Tll Charles C Thomas, 1952. Price, 
$5.50. 

Tue value of photography in medicine is 


increasing rapidly as an important means of 
recording clinical and pathological material 
ind as a means of presenting that material in 
teaching. This little book, prepared by a mem- 
ber of the Medical Division of the Eastman 
Kodak Company, is full of practical informa- 
tion for the amateur photographer but with- 
uit going into unnecessary and abstruse de- 


R. K. 


tail. It is highly recommended. 


COMMUNICABLE Diseases. Edited by Roscor 
L. Putten, M.D. Pp. 1,035; 235 ills., 35 in 
color. Philadelphia: Lea & Febiger, 1950. 
Price. $20.00 


Tuts book offers a new approach to medical 
in the management of the communi- 
ble diseases. The great advances in chemo- 
erapy of recent years have changed both the 
rogress of disease in the individual patient as 
ell as the considerations of epidemiology and 
atment. It has been possible, therefore, to 
vise concepts of isolation techniques and to 
msider the possibility of handling of certain 


ractice 
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diseases on general hospital wards or in the 
home. Fifty-three contributing authors, all of 
them authorities in their fields and most of 
them teachers of medicine, have produced a 
book of great practical value. The numerous 
illustrations, many of them in color, are ex- 
ceedingly well done. The book is highly recom- 
mended not only to teachers and students but 
to general practitioners as well. R. K. 


DIFFERENTIAL DIAGNOSIS OF INTERNAL Dt1s- 
EASES. By Jutrus Bauer, M.D., Clin. Prof. 
Med., College of Medical Evangelists. Pp. 
866: 55 ills. New York: Grune & Stratton, 
1950. Price, $12.00. 

Tus book is an interesting presentation of 
the differential diagnosis of internal diseases, 
by considering a number of major symptoms 
and signs. In the first section, the author 
discloses the causes of headache, chest pain, 
abdominal pain, backache, pain in the ex- 
tremities, disorders of general feelings, dis- 
orders of consciousness; vertigo, nausea and 
vomiting; paralysis and_ disturbances of 
movements; cough and dyspnea; diarrhea and 
constipation; hemorrhages. The second. sec- 
tion deals with major signs as related to the 
general appearance, to fever and _ infections, 
and to the respiratory, cardiovascular, diges- 
tive, hemopoietic and uropoietic systems; and 
glycosuria. There is, unfortunately, practically 
no coverage of signs or symptoms referable 
to the hands and eyes. The material and 
mode of presentation are excellent, reflecting 
the broad knowledge and practical viewpoint 
of the author. The style is vivid, with a 
European flavor that leans to greater use of 
Latin terms and, at times with a different 
shade of meaning than is here current (vomi- 
tus for vomiting). Better printing, with the 
use of bold face type in addition to italics, 
would greatly enhance the availability of the 
information. In its present form it makes 
good continuous reading but is not readily 
available for quick reference. R. K. 


MoperN Practice IN INFECTIOUS FEVERs. 
Edited by H. S. Banks. Pp. 1,054; 211 ills. 
New York: Paul B. Hoeber, Inc., 1951. 
Price, $20.00. 

Tuts two-volume work on the Infectious 
Fevers is a publication of major importance 
in this field. Tts 52 contributions come from 
the British Isles, the United States, France, 
Egypt. South Africa, India and Australia, and 
are authorities in their respective fields. The 
first volume deals with general practice: 
Ecology and Epidemiology; Laboratory Aids 


240 


BOOK 


to Diagnosis and Treatment; all aspects of 
Immunization; the Clinical Use of Antibiotics; 
then follow sections covering the various Bac- 


terial Diseases. Volume 2 includes the dis- 


cussions of the Viral Fevers, the Rickettsial 
Diseases, certain Spirochetal Fevers; Proto- 
zoal Infections, Mycotic Fevers and Infec- 


tions of Unknown Etiology. The coverage in 
these several fields is for the most part ade- 
and world-wide in its scope. It is in 
the tropical conditions that there 
There is no mention of vaws, bejel, 
The 
on malaria is rather sketchy and there 
is no mention of Camaquine in its treatment. 
Primaquine has, of 


juate 
some ot 
are gaps 
leishmaniasis. 


pinta or mucocutaneous 


article 


course, appeared since 
the book went to print. Except for tubercu- 
lous meningitis, there is no mention of tuber- 
culous infection, and there is no mention of 
Since chapter headings all refer to 
“Fevers,” it may be that more chronic 
omitted. The format and arrange- 
ment of the book are highly commendable. 
The text material is made easily available by 
good sub-headings. The illustrations are ex- 
cellent. The bibliography is adequate. The 
work should receive wide approval AK. 


svphilis 
proc- 


esses were 


Der ULTRASCHALL IN DER MeEpizin, BAND 2. 
ForTS¢ HRITTI AUF BIOLOGISCHEM UND MEDI- 
ZINISCHEM GEBIET UNTER BERUCKSICHTIGUNG 
DER ERGEBNISSE DES INTERNATIONALEN 

Koncresses 1950 1x Rom. 

KARLHEINZ WoeEser. Pp. 71; 

Ziirik h: Hirzel. 1950. 


ULTRASCHALI 
Edited by 


given. 


Price, not 


advances in the field of 


ultrasonics in medicine, as reported at the 


summar’ry of 


International Ultrasonic Congress in Rome, 
1950. It will be found of interest to those 
able to read German. R. K. 


CONFERENCE ON PROBLEMS OF AcrING. Edited 
by NatHan W. Snock, Chief, National 
Heart Institute. Pp. 194; 24 ills. New York: 
J. Macy, Jr., Foundation, 1951. Price, $4.00. 
Tuis is a verbatim report of six papers pre- 

sented at the 13th Session of the Conference 

on Problems of Aging together with the dis- 
cussions by various members of the confer- 


ence and invited guests. 


StupIEs IN MEDICINE: A VOLUME OF PAPERS 


tN Honor oF RoBert Woop KEETON. Pp. 
396; illustrated. Springfield, Ill.: Charles C 
Price, 


Thomas, 1951. $8.50. 


REVIEWS 


AND NOTICES 

Tue friends and associates of Dr. Robert 
Wood Keeton prepared this volume in his 
honor on the occasion of his retirement as 
Head of the Department of Medicine at the 
University of Illinois Medicine, 
August, 1951. The 33 chapters, prepared by 
58 contributors, cover a wide range of sub- 
that testify to Dr. Keeton’s manifold 
interests as well as to the attainments of the 


( ollege of 


jects 


men whose activities he inspired. 


CLNICAL ALLERGY. By SAMUEL J. Taus, M.D. 
2nd ed. Pp. 276. New York: Paul B. Hoeber, 
Inc., 1951. Price, $4.50 

In. this edition of this book, the 

author adheres to his of giving a 


second 
purpose 
simple and concise presentation of the field 
of allergy for the general practitioner and 


The value of the book 


enh ed by 


the medical student 


would, however, have been 
and 
publications rather than the actual mention 
in the text of a worker's last name. 


R. K. 


some references to important sources 


only 
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Pp. 175; 
& Wilkins Co.., 


AMERICAN JOURNAL OF TROPICAI 
AND HYGIENE, VotuMeE 1, No. Il. 
ills. Baltimore: Williams 
1952. 

Tris is the first issue of the American 
Journal of Tropical Medicine and Hygiene 
which takes the place of two former publica- 
tions, the American Journal of Tropical Medi- 
cine and the Journal of the National Malaria 
Society. The compre- 
hensive than either of the old in the range 
of its should, therefore, have 
a wider appeal and The first 
number is a commemorative issue in honor 


new journal is more 
interests and 


usefulness. 


of Dr. Charles Franklin Craig, a pioneer and 
leader in this field. The sponsors and editors 
of the new publication are to be congratu 
lated and have the best wishes and acclaim 
of the many physicians in this country and 
abroad who are interested in this important 


phase of medicine. R. K. 


VISCERAL INNERVATION AND Its RELATION Ti 
PERSONALITY. By ALBERT Kuntz, M.D 
Ph.D. Prof. of Anatomy, St. Louis Univ. Sch 
of Med. Pp. 152; 31 ills. Springfield, III 
Charles C Thomas, 1951. Price, $4.50. 


In this excellent monograph, Dr. Kunt 
gives a detailed review of the anatomy of tl 
autonomic nervous system and its function 
interrelations with 


somatic nerves and tl 
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The visceral nerves are 
considered in relation to autonomic reflex and 
centers of the central nervous 
system. Under general physiology, many of 
the bodily activities are discussed. The actions 
ot cholinergic and adrenergic nerves are ex- 
plained and the interrelations between these 
tunctional types of nerves and the endocrine 
system are outlined, The fiber connections be- 
tween the hypothalamic (autonomic) centers 
and other parts of the nervous system are re- 
viewed. Based on these connections, and the 
function of the olfactory cortex, the autonomic 
nervous discussed in relation to 


endocrine system. 


integrating 


system 15S 
personality. 

Dr. Kuntz is an outstanding leader in the 
field of neuroanatomy. His many contribu- 
tions to our knowledge of the autonomic nerv- 
are well known. His monograph 
is a valuable contribution to medical litera- 


ture. 


ous system 


RENAL PELVis AND URETER. By PETER A. 
Naratu, M.D., F.I.C.S., Adjunct Prof. of 
Urol., New York Polyclinic Med. Sch. and 
Hosp. Foreword by Joseph F. McCarthy, 
M.D. Pp. 428; 264 ills. New York: Grune 
& Stratton, 1951. Price, $12.50. 

[HE monograph presents in a concise man- 
ner an interpretation of fundamental principles 
of the normal anatomical configuration and 
function of the renal pelvis and ureter. Vari- 
ations of the normal as related to a patho- 
logical state are well summarized and dis- 
cussed, The material of the text is presented 
in a logical sequence. An extensive bibliog- 
raphy is given. A cross index of authors and 
subjects is well formulated. All these enhance 
the value of the book as a reference. 

The paper is of good quality and the type 
s good to permit easy reading. 

The book is recommended to those inter- 
sted in the anatomy, physiology and dy- 

amics of the upper urinary tract. L. M. 


\ TexTspook oF MeEpicinE. Edited by E. 
NosLE CHAMBERLAIN, M.D., M.Sc., F.R. 
C.P., Senior Lecturer in Med., Univ. of 
Liverpool. Pp. 962; 266 ills. Baltimore: Wil- 
iams & Wilkins, 1951. Price, $10.00. 
Written by a group of 17 British phy- 
ians, this textbook of medicine is designed 
select for the medical student the knowl- 
lge which is of mgst importance for him to 
e along with his practical hospital experi- 
ce. The plan has been to lay emphasis on 
salient features of disease and to limit the 
scription of the rarity. Treatment has been 
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dealt with on general principles rather tnan 
in great detail. 

ihe Reviewer is impressed, howev er, with 
a general brevity of presentation which would 
pe totally inadequate tor medical students in 
most schools, and most certainly tor those in 
their junior and senior years. [here has been 
a laudable emphasis upon oft-neglected psy- 
chological medicine and upon occupational 
diseases and toxicology, but the reaaer wonders 
about proper balance when he notes 4 pnoto- 
graphs ot acromegaly and 2 coior prints of 
Cushing’s disease and yet but one line ot 
reterence to the very common condition, post- 
menopausal osteoporosis, and that under the 
heading of Osteomalacia, the impression be- 
ing given that response would be obtained 
by means of vitamin D and calcium therapy: 
Lupus erythematosus is mentioned nowhere 
in the book. 

Dicumarin therapy is covered in one sen- 
tence under disorders of the clotting mechan- 
ism and is named in the treatment of thrombo- 
phlebitis, but not in myocardial infarction. 
Nothing is said regarding dangers involved 
nor of the need for careful control. The ex- 
tremely rare Charcot’s arthropathy rates 2 
photographs, and yet ventricular tachycardia is 
only barely mentioned! Many more examples 
could be cited, but it appears obvious to the 
Reviewer that a satisfactory textbook of medi- 
cine cannot be condensed into 962 large print 
pages measuring 6 by 9 inches, especially 
when rare entities have not been sufficiently 
reduced in emphasis. T. D. 


DISEASE IN INFANCY AND CHILDHOOD. Edited 
by Ricuarp W. B. Extuis, M.D., F.R.C.P. 
Prof. of Child Life and Health, Univ. of 
Edinburgh; Physician, Royal Hosp. for Sick 
Children, Edinburgh; formerly Physician in 
charge of the Children’s Dept., Guy’s Hos- 
pital, London. Pp. 695; 300 ills. Baltimore: 
Williams & Wilkins, 1951. Price, $13.50. 

Tuis volume is eminently suitable for the 
general practitioner, more so perhaps than 
for the specialist in pediatrics. The field is 
surveyed concisely but comprehensively, in- 
cluding such special topics as history taking, 
constitutional influences, growth disorders, 
social factors, and behavior problems. The dis- 
cussions of the various diseases are concise 
but adequate, and are up-to-date with respect 
to diagnostic features and therapeutic pro- 
cedures. The subject matter has been thought- 
fully organized, usually according to organ 
systems. Anatomic malformations are ex- 
tensively surveyed, and the chapter on tuber- 

culosis is particularly informative. I. W. 
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A TRANSLATION OF GALEN’s HyGIENE ( De 
Sanitate, Tuenda). By Roperr MONTRAVILLI 
GREEN, M.D., Emeritus Prot. of Anat. Har 
vard Medical School, with an Introduction 


by H. E. Sicernist, M.D. Pp. 277. Spring- 
field, Ill.: Charles C Thomas, 1951. Price, 
$5.75. 

Ir is indeed strange that the man who 


dominated medical thought for more than a 
thousand should not have had _his 
Opera and more than a very few of his in- 
dividual works translated into a modern 
language. The very bulk of his writings, to 
be sure, militates against translations just as 
the completeness of the domination of his 
precepts not only hindered progress but flared 
back to the detriment of his standing in the 
light of modern concepts. For Galen was not 
only the outstanding practitioner of his time 
but also an acute observer, an able investi- 
gator, and a pioneer experimenter in the 
fields of anatomy, physiology, and applied 
pharmacology. As Sigerist points out in a 
charming Introduction, Galen’s works are 

valuable as a huge repertory of ancient 
medical literature, a fact of added importance 
in view of the total loss of all 


years 


also 


important 


medical works written between the Hippo- 
cratic Corpus and Galen’s own works. And 
this hiatus covering a period when the 


and Empire were in finest 
Alexandrian School 
heights 

When all has been said, however, the text 
of this work on hygiene contains but littl 
sound meat. The domination of the concept 
of the humors in health and disease, requir- 
ing that all phenomena and therapy be ex- 
plained or advocated on this makes 
most of the exposition meaningless to mod- 
The text, then, has its value in- 
directly as an indicator of the biological line 
of thought that exerted such lasting influence 
It appears to have been carefully and com- 
petently translated and makes at least a good 
step toward the desirable goal of putting 
Galen’s writings in a form usable by modern 
students of our medical past BE. &. 


Roman Republic 
flower and the 
new 


attaining 
ntific 


basis. 


ern eyes 


GENERAL PRACTICE 


L. Ceci, M.D., Prof. of 


THE SPECIALTIES IN 
Edited by Russet 


Clin. Med., Fmeritus, Cornell Uni. Med. 
Coll., New York Citv. Pp. 818; 470 ills. 
Philadelohia and London: W. B. Saunders 
Co., 1951. Price, $14.50. 

Tuat the family doctor should be returned 


to his old established place in the practice of 
is recognized by everyone. With the 
rapid advances which have been made in the 


dicine 
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medical specialties, however, it is difficult for 
him to keep his practice up-to-date in every 
field, and he further finds that the specialty 
texts which he consults are mainly written by 
specialists for specialists. Dr. Cecil is to be 
congratulated, therefore, for having conceived 
the idea of this splendid volume, and for hav- 
ing achieved the editorial triumph of a book 
written for the general practitioner, giving 
him just what he needs in each particular 
special field. 


Fourteen distinguished contributors have 
provided chapters which deal with minor 
surgery, orthopedic surgery, fractures and 


dislocations, urology proctology, gynecology 


obstetrics, pediatrics, ophthalmology, otorhino 


laryngology and bronchoesophagology, der- 
matology and_ syphililogy, and _ psychiatry. 
Each ot these contributors has succeeded 


admirably in providing for the everyday prob- 
lems of the doctor located in where 
early consultation with the specialist is not 
feasible. He 


of conditions 


areas 


is also aided in early recognition 
require the aid of th: 
and the part which he can play in 
rehabilitation following return from the speci 
indicated. This book 
fills a verv real need and should be of great 
value to 


anxious to practice 


whic h 
spec ialist 


alist is stressed where 


every general practitioner who is 
up-to-date medicine and 


surgery 


ORTHOPEDIC 

DIAGNOSIS AND INDICATIONS, VoLUME III. 
By ARTHUR STEINDLER, M.D., F.A.C.S., Prof. 
of Orth. Surg., State Univ. of Iowa. Pp. 
270; 372 ills. Springfield, Ill.: Charles C 
Thomas, 1952. Price, $8.75. 

third Steinler 
pares most favorably with Volumes I and II. 
In his latest text, Tuberculosis of the Skeletal 
Svstem Osteomvelitis, are the topics 
under discussion, and one should add, ably. 

From the number of illustrations, the de- 
tail and clarity of presentation, it: is most 
apparent that the has a complete 
grasp of his subject. It is a text that can be 
unconditionally recommended to anyone 
interested in bone and joint disease. A. S. 


Post-GRADUATE LECTURES ON 


volume by Dr. com- 


and 


author 


KLINISCHE ELEKTROKARDIOGRAPHIE. By Dr 
Max HowzMann, Zurich, Switzerland. 2d 
ed. Pp. 652; 302 ills. Stuttgart: Georgs 
Verlag, 1952 DM 69.60 
THE first edition was translated into Italiar 
and Spanish and of the second edition 
translation into English is 
Anglo-American and 


Thieme Price, 


announced, Th 
French literature i 


BOOK 
very adequately covered. The theory and 
physiologic aspects, including a detailed pre- 
sentation of vector analysis of the electro- 
cardiogram are very adequately presented. 
Abnormal electrocardiograms are discussed 
under the following headings: technical 
inversus; fixation of the heart; 
abnormal amplitudes; abnormal findings with 
respect to the atrial and ventricular portion, 
including the length of the electrical systole; 
preponderance; inflammatory, toxic, allergic, 
endocrine and vitamin disturbances; primary 
myocardial alterations; the influence of digi- 
talis; ischemia—coronary insufficiency—infarc- 
tion group; pericarditis; pulmonary embolism; 
orthostatic and neuro-vegetative effects. The 
subsequent presentation of the disturbances 
of rhythm includes valuable therapeutic §re- 
marks. There follow discussions of the W-P-W 
and of the electrocardiographic 
findings in trauma of the heart, in systemic 


errors; situs 


syndrome 


diseases of the neuro-muscular system, and 
finally 

Detailed electrocardiographic analysis and 
evaluation 1S alwavs well tempered by the 
author’s mature clinical judgment. The value 
of a number of case presentations is enhanced 
by giving the post mortem data. 


in the dying heart. 


The line drawings are very instructive and 
technically The publisher deserves 
high for the excellency of 
both the printing and the reproduction of the 
photographic material. The quality of repro- 
duction depends upon a number of factors— 
ink, speed of and 
last, but not least, fineness of the screen— 
ind the reproductions in many medical books 
ind journals in our country could be _ re- 
markably improved if we could persuade the 
publishers to use finer screens in spite of the 
slightly higher cost involved. The reviewer 
stresses this point because few medical 
tuthors and editors seem to be aware of the 
technical procedures involved in reproducing 
cientific illustrations and, therefore, cannot 
effectively exert pressure on publishers to 
mprove the quality of illustrations. H. R. 


superb. 
commendation 


paper printing process 


DisEASE OF THE THYROID GLAND. By 
Francis F. Runpie, M.D., F.R.C.S. 2d ed. 
Pp. 520; 165 ills. New York: Grune & Strat- 
on, Inc., 1951. Price, $12.75. 

Tuis is an excellent book for medical stu- 
nts and general practitioners alike. It is 
ell organized and Jucidly written with in- 
mative figures and charts. Of particular 
ilue is the section on Thyroid Physiology 
hich is well illustrated with pertinent fig- 
es. A large section is devoted to the surgi- 
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cal technique of the thyroid gland which will 
be of little interest to many readers. As is so 
often the case with textbooks concerning the 
thyroid gland, the section on hypothyroidism 
is completely inadequate consisting of only 
one page of discussion. W. P. 


NUTRITION AND CLIMATIC STRESS WITH PAR- 
TICULAR REFERENCE TO MAN. By H. H. 
Mitcue.t, Prof. of Animal Nutrition, and 
Marjorie EpMAN, Research Assistant in 
Animal Nutrition in Charge of Literature 
Survey, Univ. of Ill. Pp. 244; 8 ills. Spring- 
field, Ill.: Charles C Vhomas, 1951. Price, 
$6.75. 

Tue need for attaining greatest possible 
military efficiency under conditions of un- 
usual climatic stress led, during World War 
II, to considerable research into various fac- 
tors involved in adaptation to such stress. 
The purpose of this volume is, first, to cover 
thoroughly and critically those experiments 
and observations dealing directly with the 
relationships of nutrition and climatic stress, 
namely, the effect of climatic stress on nutri- 
tional requirements, and the effect of the 
food supply upon tolerance to such stress; 
and, second, to discuss the background in- 
formation, bearing indirectly, and perhaps 
only remotely, upon the nutrition-environ- 
mental theme. This is done under 
three headings: (1) diet in a cold environ- 
ment; (2) diet in a hot environment; and (3) 
diet at altitude. The book is well written and 
contains a great store house of material which 
is of interest to nutritionists and to all those 


stress 


dealing with climatic adaptation. T. DB. 
NEW BOOKS 
Cellular Changes with Age. By WARREN 
Anprew, Pxu.D., M.D., Prof. of Anat., 


George Washington Univ. School of Med. 
Pp. 74; 25 ills. Springfield, Ill.: Charles C 


Thomas, 1952. Price, $2.50. 


Tus little monograph gives a brief summary of 
cellular changes as observed not only in man and 
other mammals but in lower vertebrates, inverte- 
brates and plants in the process of aging. The illus- 
trations are excellent and there is a good bibli- 
ography. Pathologists will be particularly interested 
in this work. 


Your Questions Answered. Edited by Hucn 
Ciecc. Pp. 240. New York: Grune & Strat- 
ton, Inc., 1951. Price, $2.50. 

From the department, “Any Questions” of the 
British Medical Journal, the Editor of that pub- 
lication has selected 192 questions and their an- 
swers, ranging from a few lines to a page or two, 
and touching on all fields of clinical medicine. 

R. K. 


2 14 BOOK 
Pasteur’s Study of Fermentation. Case 6 
of Hart ard Case Histories in Experi- 


Edited by JAmMeEs Bryant 
illus- 


mental Science 
Paperbound. Pp. 57. No 
Harvard Univ. Press, 


CONANT 
trations. Cambridge: 
1952. Price, $1.00. 

THis Histories”, 


majoring in the 


series of “Case designed pri- 


marily for students humanities or 


social sciences, aims to give them an understanding 


of science by acquiring ‘‘a detailed knowledge of a 


few epoch making advances”. Such a one is “Case 


6”, Pasteur’s study of fermentation, which opened 


new fields in several branches of science, 
in the causes ind 


especially 
infectious diseases 


E. K. 


treatment of 


Biologisch-M edizinisches Taschenjahrbuch, 
1952. Edited by Dr. mMep. HAFER- 
KAMP. Pp. 583. Stuttgart: Hippokrates- 
Verlag, Marquardt & Cie, 1952. Price, DM 


7.50 


Refraction Correlated with Optics and Physio 
logical Optics and Motility Limited to 
Heterophoria. By Water B. LANCASTER, 

1D. Pp. 310; 99 ills. Springfield, Ill 

Charles C Thomas, 1952. Price, $7.75 

Thomas Jefferson: Scientist. By 
Martin, Professor of English, Emory 


Epwin_ T 


Uni- 


versity, Georgia. Pp. 289; 15 ills. New 
York: Henry Schuman, Inc., 1952. Price, 
$4.00 


An interesting 
known by 


who is 


portrayal of one 
people , of the 
remembered 


aspect, littl 


most many sided man 


primarily as a_ statesman, 


politician, drafter of the Declaration of Inde 
pendence and the Third President of the United 
States. Physicians and other scientists will find 
much of interest in this book 


R. K. 


Control and Removal of Radioactive Con 


tamination in Laboratories. National Bu- 
reau of Standards Handbook 48. Pp. 24. 
Washington, D. C.: U. S. Department of 
Commerce, 1952. Price, $.15. 


X-Ray Calibration of Radiation Survey 
Meters, Pocket Chambers, and Dosimeters 
NBS Circular 507. National Bureau of 
Standards. Pp. 11; 11 fig. Washington 
D. C.: U. S. Department of Commerce 
1952. Price, $.15 


TuHEsE two little books, both published by the 
National Bureau of Standards, follow the pattern 
of prior handbooks and circulars in the field of 
radiation physics, in presenting concise and 


recommendations for the 
radioactive 


authoritative handling 


and use of materials and associated 


instruments 


R.R 
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Pencillin Decade. By L. W. Smitrn, M.D., 
Medical Director of Commercial Solvents 
Corporation, and A. D. Wacker, R.N., 
Former Editor of “Trained Nurse and Hos- 
pital Review.” Pp. 122. Washington, D. C. 
Arundel Press Inc., 1951. Price, $2.50. 
Tue authors have made an 
tailed 
past decade 


intensive and de 
literature of th 
effects of 
reviewed and ab 


review of the available 


concerning the untoward 
pencillin therapy; thev have 
stracted some 342 articles: and have stressed that 


more caution should be exercised in the adminis 
agents. 


C.B 


tration of pencillin and other antibiotic 


Isotopes in Biochemistry. Edited for the Ciba 
Foundation by G. E. W. WotsTENHOLME. 
Pp. 303; 79 ills. Philadelphia: The Blakis- 


ton Company, 1951. Price, $5.00. 


A report on the Ciba Foundation conference, 
held March 12-15, 1951, in which participated 
many outstanding workers in the field. Papers 
read included three or four under each of the 


following topics: steroids, hemoglobin and metabol 
of bio- 
proteins 
fatty acid 


Each of the 22 papers is accompanied 


ic derivatives, use of tracers in the study 


logical effects of radiation nucleic ids, 


and amino acids carbohydrate and 
metabolism 
by a verbatim report of the discussion which fol 


lowed its presentation R.H 


Biological Antioxidants. Edited by Cosmo G 
MACKENZIE, Department of Biochemistry 
University of Colorado School of Medicin: 
Pp. 229; 32 fig. New York: Josiah Macy 
Jr. Foundation, 1951. Price, $3.75. 

Fifth—and last of the 
November 30-December 1 

Contents Chemical 

Robert S 

general introduction to radiation effects on higher 

animals, Austin M. Brues; 

tions on sulfhydryl systems, E 


TRANSACTIONS of the 
series Conference 
1950, New York 
produced by radiations 


changes 
Livingston 


effect of ionizing radia 
S. Guzman Barron 
genetic effects of irradiation and irradiated broths 
Orville Wyss; mutations, Frank 
Dickey; free radicals, peroxides, and antioxidant 
Elwood V 
cumulative index to conferences 1946-1950. Eac 
paper followed by a verbatim report of the dis 
followed. special effort has bee 
made to keep the language as understandable 

possible by scientists in other fields. Authoritati. 


R.H 


peroxides and 


in some biological processes, Tense 


cussion that 

and interesting. 
Caelius Aurelianus Gynaecia. Edited | 
F. DraBkIN and E. Drat 
KIN. Supplement 13 to the Bulletin of tl 
History of Medicine. Pp. 136; no ills. Balt 
more: Johns Hopkins Press, 1951. Pri 
$3.00. 

THeEse fragments of a Latin version of Soran 


13th 
offered for sale in 


century manusc! 
1948 by L’ 
Ancien of Zurich and is now privately 
Buffalo. It may be regarded as a supplement 
Soranus’ larger work edited by I. E. Drabkin t! 


Gynaecia are from a 
which was 


owned 


BOOK REVIEWS AND NOTICES 


was reviewed in these columns (A.J.M.S., 222, 
611, 1951). E.K 


Allergic Pruritus. Edited by STEPHAN EPSTEIN, 
M.D. Pp. 76; 6 ills. St. Paul, Minn.: Bruce 
Publishing Co., 1952. Price, $2.50. 

urs is a collection of 7 papers by 9 authors 
presented at a Symposium on Itching Dermatoses 
presented in April, 1950, at the Annual Session 
of the American College of Allergists. R. K. 


‘as Phéochromozytom. By Pror. Dr. HEIN- 
RICH SACK. Pp. 93; 26 ills. Stuttgart: Georg 
Thieme Verlag, 1951. Price, DM 11.70. 

furs litthe monograph is a _ well-written sum- 
mary of current knowledge about this important 
tumor. Those who read German will find it useful 

and instructive R. K. 

l'rauma, Growth, and Personality. By 


GREENACRE, M.D., Prof. of Clin. Psychia- 
try, Cornell Univ. Med. College. Pp. 328. 
New York: W. W. Norton & Co., 1952. 
Price, $4.50 

luis book is a collection of papers, most of 
which have already appeared in various journals. 
They deal with various traumata of childhood and 
their effect upon personality development, particu- 
larly in relation to symptom formation, The theo- 
retical material is liberally documented with case 
histories, which are clear, not too detailed and 
which portray the importance of 
early childhood experience in personality forma- 
tion. The book is predominantly suited to the 
student and practitioner of Psychiatry. O. E. 


convincingly 


The Present Status of Antibiotic Therapy 
with Particular Reference to Chlorampheni- 
col, Aureomycin and Terramycin. By FRrAN- 
cis G. Brake, M.D., Dept. of Internal 
Medicine, Yale University School of Medi- 
cine. Pp. 26. Springfield, Ill.: Charles C 
Thomas, 1952. Price, $.90. 

4 concise and authoritative statement of the 
value of especially the three men- 
tioned, in the treatment of scrub, epidemic and 

typhus; Rocky Mountain spotted fever, 

boutonneuse fever, rickettsial pox, Q fever, psitta- 
cesis, lymphogranuloma venereum, primary atypi- 
cal pneumonia, typhoid fever, amebiasis, brucel- 

losis, tularemia and whooping cough. R. K 


antibiotics, 


murine 


he Internship. By Roscoe L. Putten, M.D., 
F.A.C.P., Prof. of Grad. Med., Tulane 
Univ. of La. School of Med. Pp. 35. Spring- 
field, Ill.: Charles C Thomas, 1952. Price, 
$1.25. 

A critical study of a problem of growing im- 
ortance and complexity, it presents the factors 
nfluencing the internship, the educational adapta- 
on of internships today, and the author’s sug- 
ested modification of the internship. Medical 
ducators and hospital administrators will find 
ere material for thought and constructive dis- 


ission. R.K 
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Hippocrates on Intercourse and Pregnancy. 


An English translation of On Semen and 
on the Development of the Child. By Tace 
U. H. Extincer, Sc.D., M.A., with an 
introduction by ALAN F. GuTTrMACHER, 
M.D., Pp. 128; no ills. New York: H. Schu- 
man, 1952. Price, $2.50. 

Tus, the first English translation of one of the 
books of the Hippocratic Corpus, is generally 
ascribed to a writer of the Cnidian School in the 
5th century B.C. Proper allowance being made 
for the paucity of known anatomical and physio- 
logical facts at that time, one will find much to 
admire in a number of shrewd observations and 
deductions. E. kK. 


of Psychosis. By Gustav 
Bycuowsk1, M.D., Assistant Clin. Prof. of 
Psychiatry, New York Univ. College of 
Med. Pp. 328. New York: Grune & Strat- 
ton, Inc., 1952. Price, $5.75. 

Tue author states that he deems it important 
to outline a synthesis of our present knowledge 
in the field of Psychotherapy of Psychoses, in order 
to have a clear basis on which to build further 
research and study. At the same time, Le wishes 
to impart through his book some of the spir' of 
Bleuler and Freud. While there are some vase 
histories, the treatment of the subject is fairly de- 
scriptive and theoretical and, hence, designed for 
a fairly advanced psychiatric clinician. O.E. 


NEW EDITIONS 


Clinical Practice in Infectious Diseases. By 


E. H. R. Harries, M.D., Lond., F.R.C.P., 
Formerly Med. Supt., Infectious Diseases 
Hospitals Service, London County Council, 
and M. Mirman, M.D., London, F.R.C.P., 
Consultant Physician and Med. Supt., River 
Hospitals. 4th ed. Pp. 717; 20 plates (15 in 
color) and 48 figs. Baltimore: Williams and 
Wilkins Co., 1951. Price, $6.50. 

Tus book presents the clinical practice in in- 
fectious diseases as they are encountered primarily 
in the British Isles with occasional reference to 
diseases seen only elsewhere such as tularemia and 
without mention of certain others such as Rocky 
Mountain Spotted Fever and the Relapsing Fevers. 
Within these limitations the book is an excellent 
one. Its value and popularity are attested by the 
appearance of a 4th edition only 11 years after 
the Ist. It is well illustrated with many illustra- 
tions in color. The format is convenient. All phy- 
sicians in general practice will find this a useful 
text. ° 


Modern Dietary Treatment. By MArGERY 
ABRAHAMS and E M. Wuppowson, 


University of Cambridge. 3d ed. Pp. 355; 
18 tables. London: Bailliere, Tindall and 
Cox, 1951 (Williams & Wilkins, distributor 
in U. S.). Price, $4.50. 


In concise readable form this textbook gives 
the dietitian and nutritionist in the United States 
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practices in England, 
oft-quoted 


a clear picture of dietary 
and provides a ready reference to the 
British tables of food composition. The contents 
include a discussion of dietary principles in health 
and disease, detailed dietary outlines, and recipes 
C. R. 


‘echnical Methods for the Technician. By 
Anson LEE Brown, B.A., M.D. Pp. 784; 
304 ills. 4th ed. Columbus, Ohio: Anson 
L. Brown, Inc., 1951. Price, $10.00. 


The Merck Index of Chemicals and Drugs. 
An Encyclopedia for the Chemist, Pharma- 
cist, Physician, and Allied Professions. 6th 
ed. Pp. 1,167. Rahway, N. J].: Merck & 
Co., Inc., 1952. Price $7.50 regular edition, 
$8.00 thumb-indexed. 


Ine profession will welcome the 
this excellent 


revised 


appearance ot 
work which has been 
since its last 


thoroughly 


appearance twelve years 


ago. Its many new features will still further in 
crease its usefulness 


R. K 


Muir's Textbook of Pathology. By D. F. 
M. D., F.R.F.P.S.G., Professor 
of Pathology. University of Glasgow. 6th 
ed. Pp. 1090; 635 ills. Baltimore: Williams 
& Wilkins Co., 1951. Price, $10.00. 

Mvtr’s Pathology has for many years (lst ed., 
1924) been a standard British textbook for stu 
dents of medicine. Professor Cappell, one of Sir 
Robert’s co-workers, has edited a new (the 
edition. In comparing the various editions with 
the last, one is struck with the remarkably littk 
change that has been made and _ the 
pathologist conclude that British conserva 
tism extends into his medical thinking. The a1 
rangement and content is very similar to the older 
American texts, the illustrations are adequate but 
not noteworthy. In brief, the book is still the 
work of Muir and offers nothing that cannot be 
found in several standard American texts. 


sixth 


American 


must 


E. A. 


Pathological Histology. By Rosertrson F. 
Ocn.vm, M.D., D. Sc. F.R.C.P. 
F.R.S.E., Senior Lecturer in Pathology and 
Assistant in Forensic Medicine, University 
of Edinburgh. 4th ed. Pp. 494; 295 color 
ills, Baltimore: Williams & Wilkins, 1951. 
Price, $8.00. 

Tue American pathologist who is not familiar 
with Doctor Ogilvie’s text will find here an atlas 
of microscopic pathologic anatomy with sufficient 
text devoted to gross pathology and pathogenesis 
to make it easy reading. It is not intended as a 
textbook in pathology but rather as a manual for 
students of microscopy. As such it is the best 
volume with which this reviewer is acquainted. 
The photography and reproductions are unusually 
good, there is a great variety of excellent staining 
technique and the choice of material is really 


superb. This volume deserves a wide usage and 
at its present cost ($8.00), it will probably get it. 
E. A. 
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Metabolic Interrelations. Transactions of the 
Third Conference, January 8-9, 1951. 
Edited by Epwarp C. Jr., 
M.D. Pp. 294; 32 tables, 85 fig. Sponsored 
by Josiah Macy, Jr. Foundation, New 
York, N. Y., 1951. Price, $4.00. 
Tis third conference on metabolic 
tionships deals again primarily with the biochem 
istry of bone and skeletal development 
the 14 
genesis in which the discussors review results ob 
tained techniques in the 
bone formation and repair. Of particular 


interrela 


Among 


papers presented is a_ series on osteo 


using newer study of 

interest 
is the work on the osteogenetic potency of 
transplanted cells. The effect of purified hormones 
and nutrition upon skeletal morphogenesis in the 
rat is summarized by the California workers who 


extensive 


have long been active in this field. The 


studies using radiocalcium to determine the meta 
bolic turnover of the skeleton are of interest. This 
volume should be carefully read by those engaged 


in metabolic investigation cs 


Functions of the Pancreas. By 
BerNARD ZIMMERMAN, M.D., Department 
of Surgery, University of Minnesota. Pp 
82: 12 fig. Springfield: Charles C Thomas 
1952. Price, $2.50 

Tne initial chapter of this monograph deals with 


the history of the discovery of 
experimental diabetes 


Endo¢ rine 


insulin and cer 
tain methods for producin 
The subsequent chapters include discussions of th« 
chemistry of insulin and its action in animal and 


human metabolism An abbreviated account is 
pancreas, whil 
length 


hormonal func 


given of lipid metabolism and _ the 


the hyperglycemic factor is reviewed at 


This informative summary of the 
of the pancreas will be of interest to the 


clinician C.S 


tions 


Physicians’ Federal Income Tax By Hucu 
T. CAMPBELL and JAMes B. LIBERMAN 
Pp. 112. Great Neck, New York: Doniget 
& Raughley, Inc., 1952. Price, $2.50 


Surgery of the Oblique Muscles of the Eye 
By Water H. Frvx, M.D. Pp. 350; 9 
ills. including 18 in color. St. Louis: C. \ 
Mosby, 1951. Price, $8.75. 


and Dentist’s Tax Handbook By 
Paut Member of the New York 
Bar. Pp. 198. New York: Prentice-Hall 


Inc., 1951. Price, $3.70 


The First Annual Report of the Nation 
Science Foundation, 1950-51. Pp. 31. Was! 
ington, D. C.: U. § Printi! 
Office, 1952 


Government 
Price, $.20 


Aphorisms of C. H. Mayo and William 
Mayo. By Freperick A. Wituivs, M.1 
Pp. 117. Springfield, Illinois: Charles 


Thomas, 1952. Price, $2.75. 
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